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Part III. 

GENERAL REVIEW OF PHYSICS, WITH 
EmTS TO TEACHBBS. 
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CHAPTER I.'- 
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PROPBETIBS OF MATTER, 

§ 1, p. 1, The pupil may be informed that, though the defini- 
tion here giTen of an experiment harraoni^f^s with its etymolo- 
gical signification and witli the general spirit of thiB lKH>k, yet 
it is frequently used as a synonym for iUustraliaTi or proof , 

P. 3, Exp, 5. The apparattiB fnruiahed for tJiis experirneut is 
so sensitive that sufficient air can be drawn from the globe by 
Buction with the mouth to cause the beam to tip perceptibly. 
A change in weight will bo still more perceptible if, after ex- 
hausting the air by suction, a person were to cojt dense air in 
tbo globe by blowing into it, and then closing the stop-cock. 

§ 4, p, 4- *' The molecules of the same substance are all 
exactly alike, but different from those of other aubstances. 
Molecules are unalterable by any of the proocssee which go 
on in the present state of things, and every individual of each 
species is of exactly tlie same magnitude a« though they had 
all been cast in the same mould, like bullets, and not merely 
selected and grouped according to their size, like small shot* 

They are, as we believe, the only material things which etill 
remain in the precise eonditiou in which they first began to 
exist" — Maxwiixl. 

§ 5, p. 6. The i>upil may be aided in applying this theory to 
the condition of things supposed to exist, for instance ^ in the 
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test-tube of § 4 filled with water, by imagining that he is look- 
ing at a dense flock of birds in the air. The flock remains at 
rest, but the individuals which compose the flock are in rapid 
motion, frequently hitting and bounding away from one another. 
At the same time he sees the whole atmosphere filled with birds 
of a different hue. These birds, like the former, are in constant 
motion. Some are constantly entering the space occupied by 
Jtii^ flocfc, ^il(i »oii€: are leaving it, while all are jostling against 
*one an'othef.** •Tftte latter birds are nowhere nearly so thick 
: ("^.si; iBfei3^ J,re|n<5t so'jnany in a given unit of space) as those 
whicL compose 'tlie' flock, but they are thicker in the space oc- 
cupied by the flock than in the space outside the flock, partly 
because their escape from this space is impeded by the presence 
of the birds of the flock, and partly because of some mutual 
* attraction or aflftliation. 

The birds constituting the flock may represent the molecules 
composing the body of water in the test-tube ; while the birds 
of different hue ma^' represent the air molecules. Beware of 
the common error of supposing that the latter are smaller than 
the former, as in the oft-given but fallacious illustration of 
" apples, marbles, and bird-shot." Apprise the pupil of the 
fact that air in water is in a comparatively condensed state ; in 
other words, that a tumbler filled with water contains more air 
than it would contain if no water were in the tumbler. 

§ 7, p. 7. Law of Avvogadro. — All gases {at the same tem- 
perature and pressure) consist^ within equal volumes^ of equal 
numbers of molecules. . 

Exp. 2, p. 10. This may well be made a home-experiment, 
and performed as follows : On two piles of books about 10°" 
apart support a tin basin containing about a liter of ice-water 
and a few lumps of ice. Between the piles and under the basin 
place a lighted candle, so that the tip of the flame will just 
touch the basin. The books, besides serving as a support, will 
protect the flame from currents of air. In 10 or 15 minutes the 
bottom of the basin, except a small area immediatelj' over the 
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flame^ will bo covered with ln.rge <irops of wuter, and a stalac- 
tite of carbon will depend ii'om the biisin immediately above 
the flame* After the pupil has perfonued this experiment he 
should bo plied with such questious a?, follows ; — 

Whence came the water and tlie carbon ? What purpose does 
tiie ice-water serve ? 'Whence comes the water f reqnently found 
on sweating ice-pitch era ? How do you know that the water 
found on the bottom of the basin did not come from the same 
source ? Would the heat of tJie flame tend to increase or retard 
this condensation? Does carbon always lise fi'om a burning 
candle flame ? Why does it collect in such abundance in Uds 
case? What are the ashes of the candle? 

§ 11^ p. 12^ Exp. 1. Inasmuch as the success of this ex- 
penment depends frequently upon the condition of the axj[>itratus 
and the state of the weather, the following sulistitntc will bo 
found very convetiient : Take ti cork about 1*^" in diameter, 
and cut it transversely into slices about 1"'^ thick- Then talte 
four cambric needles, break them in the middle, rub each piece 
two or tJiree times in the same direction across the same pole of 
a magnet, and thrust each piece perpendienlarly through a cork 
slice, leaving one extrcTnity level with the smface of the cork* 
Be sure that the ends which are iu sorted in the corks are all the 
same poles, i.e., all S. or all N. i>olea. Fill a bowl or goblet 
with water to the brim, and float the slices on the surface of 
the water, with the ]jrojecting part of the needle imiiieni5ed in 
the water. Holding a bar-magnet verticall^s approach the 
center of tlie surface of the w^ater witli one of its poles, and 
the slices of cork will sail along the surface, either collecting 
under this pole of the magnet or receding from it- He verso 
the pole of the magnet, and the phenomenon will bo reversed, 

§ 17, p. 18. The native of Eorabora who called hail *' wliite 
stones '' spoke the simple truth. Ico is sto7i(?, a mhiemf^ in 
eveiy sense which these terms imply. In the year 173I>, at tho 
wedding of Pnncc Galhtzin, the Russians built for him a house 
of large blocks of stone- All the furniture of the bouse, even 
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to the nuptial bed, was made of the same stone ; and the cannon 
and mortars which were fired in honor of the day were con- 
structed of the same. The mineralogical name of this stone is 
— ice. 

§ 17, p. 20. *' According to Pictet, oxygen is liquefied at 320 
atmospheres pressure and — 140** C. ; and then, upon allowing 
a jet of this liquid to escape into the air, the escaping jet of 
liquid oxygen becomes extremely cold and is partly solidified. 
Hydrogen treated in a similar manner, under a pressure of 650 
atmospheres, appeared as a steel-blue stream of liquid, the light 
reflected from which, being partly polarized, revealed the pres- 
ence of solid particles in the liquid, while the tube of exit 
became blocked with solid hydrogen." — Daniell. 

Full accounts of the liquefaction and solidification of the 
" permanent gases " can be found in the Popular Science 
Monthly, Scientific American, and Nature, of the year 1878. 

§ 21, p. 22. It may be demonstrated geometrically that a 
particle placed anywhere, as -4, J[', A"y etc., Fig. 18, within 

O^^:^.---.^ a homogeneous spherical shell 
/ \ will be in equilibrium. Conse- 

p m quently, if the earth were such 

1^ _^- _ :. p a shell; a body placed anywhere 
^i^^^y^ f within it would remain at rest. 
Fig 18.^^^^^^ Hence, it follows that if the 
earth were a homogeneous solid 
sphere, the weight of any body within it, as B, Fig. 18, would 
vary as its distance from the center (7, and would be entirely 
independent of the external shell, as ED. 

P. 25. In performing Exp. 1 notice the difference in the 
crystals formed on the thread and those formed on the bottom 
of the vessel. The latter are said to be tabulated. 

In performing Exp. 2 watch the growth of the crystals, look- 
ing through a simple microscope. In their note-books pupils 
may draw figures of the crystals formed, both of a single crystal, 
and of a group of crystals, selecting the most interesting. 
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§ 25j p, 20. Kepeatthc experiment with, the bar-raagtiet and 
floats (p. 13*)), and notice that when the floats are attrnetcd to 
one end of the ma^et, tlirough the inflnence of their polaritj-, 
they arrange themselves in Bomo regular geometrical form, i\e- , 
in squares, pentagons, hexagons, etc. This phenomenon U as 
significant as it is interesting. 

§ 28, p. 31. Strain, In physios any alteration of size or 
shape whatever is called a strain. It includes all alterations in 
volnme, — as compression or expansion of gast^a, — all tvvist- 
ings and bendings, and all extensions, as a piece of stretched 
india-rubber, 

§ 30, p* 31- Viscosity. " If a constant stress causes a strain 
or displacement in the body, which increases continually with 
the time, the substance is said to bo viscous, 

'■■When this continuous alteration of form is only pnxlueed 
by stresses exceeding a certain value, the substance is called a 
solid, however soft it may be. When the very smallest stress, 
if continued long enough, will cause a constantly increasing 
change of form, the body must be regarded as a viscous Jluid^ 
however hard it may be. 

. '^ Tlius, a tallow candle is much softer than a stick of sealing- 
wax ; but if the candle and the stick of sciilin*:-wax are laid 
horizontally between two supports, the sealing-wax will in a few 
weeks in summer bend with its own weight, whi^le the candle 
remains straight. The candle is therefore a soft solid, and the 
sealing-wax a very viscous fluid. 

'' What is required to alter the form of a soft solid is a suf- 
ficient force ; and this, when applied, produces its effect at once. 
In the case of a viscous fluid, it is thne wiiich is re(]uired ; and, if 
enough time is given, the very smallest force will produce a sen- 
sible effect, such as would require a very latge force if suddenly 
applied.*' — Maxtvell. 

§ 33, p. 33. Adhesion. In both experiments with the water 
aud the mercnry it is important that the glass slip should be 
quite clean- It is well, previous to each experiment, to wipe 
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the glass and the surface of the mercury with a dry, clean cloth, 
so as to remove any oxide of mercury which may rest upon their 
surfaces. 



CHAPTER 11. 

DYNAMICS. 

P. 47. If the author's " Seven-in-one" apparatus is sub- 
stituted for the Magdeburg hemispheres, no air-pump will be 
needed, and no mystery, which its action and the necessity for 
removal of air might cause, will be introduced. If the piston 
of this apparatus is forced into the end of the cylinder, and the 
stop-cock is closed so as to prevent air entering the apparatus, 
a weight of two or three hundred pounds may be suspended 
from the piston without drawing it down. But if air is admitted, 
by turning the stop-cock so as to press on both sides of the 
piston, it will quickly descend. 

§ 46, p. 48. Apparatus for exploration of pressure in the 
interior of a liquid mass. A very convenient substitute for the 
apparatus represented in Fig. 27 is a glass manom- 
eter tube, represented in Fig. 19. Mercury or some 
lighter colored liquid may be used in the tube : the 

I lighter the liquid the more sensitive will be the instru- 
1 ment. Connecting a short rubber tube with the ex- 
I tremity a of the glass tube, and bending it in different 
%3 directions, pressure in all directions and at different 
depths can be explored and compared. 
§ 50, p. 57. Mdriotte's Law Apparatus, In the 
preparation of this apparatus for use there is usually 
some difficulty in getting the surfaces of the mercury 
in the two arms of the tube on the same level. This may be 
accomplished, however, after a few trials, by tipping the tube, 
and either admitting small bubbles of air into the short arm, or 
excluding it therefrom, as the case may require. 
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The base of the tube (Fio:* 38) is sufficiently Inrge to receiTe 
the tube (Fig- 3S)), hciico it will answer for the jar I) iu Exp, 2* 

§ 52, p. Gl* In using the iipparatas illuBtrat-ed lu Fig, 4G, 
veij likely the stream issuing from the lougctjt tube d may not 
quite reach the level of the top of the other atreamtj, Thia is 
to be explained as the result of the friction aguLiist tbc sides of 
the longer tube, the friction iucreasiDg with the leDgth of the 
tube* 

§ 53, p. 64- In using the Seven*in-one apparatus as a hydro- 
Btatic bellows, the pii^ton should bo forced into tlie eyluidt^r, and 
the space between the piston and the end of the cylinder ehoukl 
be fiHed wnth water. This may be done by temporarily remov- 
ing the rubber tube* If there is any diiheulty in removing the 
air frojn the tube, so as to allow the water to enter it, the tube 
may be Qrst fdled witli water, and, while in a nearly horizontal 
position, be connected with the union- screw, and afterwards 
raised to a vertical position- 

§ 55, p. G 7- In using the improved Pascal's Vases, support 
the base upon the side of a water pall. Attach to it first the 
vase corTes[ionding t<j C, Fig. b2. Suspend the cUsk d from 
one arm of the balance-beam, and the counterpoise from one of 
the holes in the other arm- Pour water slowly into the vaae, 
allowing it to trickle down its siiltJ, at tfie same time elevating 
the nnt on the rod supporting the disk so as to keep it on a 
level with the surface of the water* Continue to pour water 
untU it forces the bottom off. Then remove the vase from the 
base and substitute the cyhuder -^1, Now, if water is carefully 
poured into tlie cylinder, it will be found that the bottom will he 
forced ofl at the instant the snrface of the water reaches the nut. 

§ C3, p. 80. Specijic GmviUj. One of the pans of the; bal- 
ances furnished by the author has a hook beneath it, from which 
specimens are suspended* The gi'am weights aceompanying 
the same are made of brass, and the centimeter and nullijueter 
weiglits of aluminum ; and the whole are neatly mounted in a 
bloek of wood- 
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The pnpil will soon discover (However simple it may seem to 
him before trial) that weighing is an art at which he will find 
himself quite awkward at first. He will learn it better by expe- 
rience than precept. A few directions, like the following, will 
be serviceable to him. 

Always ascertain the weight of a solid in air, before it is wet 
by the liquid. 

When weighing in a liquid, see that the solid is completely 
immersed, and nowhere touches the vessel holding the liquid. 

While changing the weights, hold the beam with one hand, 
that it may not fall from its support and suffer injury. 

It is not desirable to use specimens weighing in the air more 
than from 5« to 8*. Specimens even lighter than these will 
answer just as well. After weighing one or two specimens, 
the pupil will progress very rapidly, will be delighted with the 
work, and should be allowed to use as many specimens as time 
will pei-mit. 

§ 74, p. 98. This experiment is hardly practicable, but its 
description will serve to indicate to the pupil the true method 
of finding the centre of gravity of a mass. 

§ 77, p. 104. The plank, Fig. 86^ should have a shallow 
groove cut in it, to guide the ball. Teachers report very sat- 
isfactory results from this experiment. 

§ 81, p. 108. "I require my pupils to draw the paths of 
projectiles at different angles, as indicated by the streams of 
water from the Eight-in-one apparatus with the tube elevated 
at different angles, and have obtained good results." — G. F. 
Forbes, Roxbury Latin School, Boston. 

§ 81, p. 110. Improved Apparatus for verifying the Secand 
Lata of Motion, The rod d. Fig. 20, is drawn back toward 
the left, and the detent pin c is placed in one of the three slots. 
One of the brass balls is then placed on the projecting rod, and 
in contact with the end of the instrument as at -4 ; the other 
ball is placed in the tube B. Release the detent, and the ball 
at U, struck by the rod d, is projected with a force (when the 
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Bpring 13 nnder its greatcRt Btraiu) of about 15 lbs. At the 
i us taut it eBcapes thti end of tubo if, and is free to fall, the rod 
leaves baU A^ and the latter begins to falL Both balls are 
pierced with holes, in order that the masses of both may be 
equal. It is believed that this apparatus is the only one of tha 
kind which has given entiie satisfaction. 

Fig. 91, p. 111. For the iiendulum A six iron balk are naed, 
pierced by holes throngh their centers, through which a string is 
passed. The balls are kept in place by Isnots tied in the string. 

The length of a pendulum, e.^. , S, is approximately the dis- 
tance from the point of suspetuiion to the center of the ball. 




§ 82, p, 11 K The center of oBeillation is that point of a 
pendnham that yibratcs in the same time, as if free from the 
influence of all other particles » 

§ 88, p. 119. The ustial mechanical definition of work is here 
given, A complete dynamical definition, of course, should bo 
made to include negative as well as positive work, and may bo 
stated as follows : When a force moves a body against resist- 
ance, or alters the ntte of motion of a body ^ it is said to do work. 

§ 92, p- 121- Potential energy — energy of position — ^has 
been called energy of stress, i.e., energy due to stress. It is 
really due to both position and stress. If we define stress pro- 



140 GENERAL REVIEW OP PHYSICS. 

visionally as a pressure or a pull, then we shall find that pressure 
is transformed into the energy of motion if the bodies pressed 
upon can mooe^ i.e., are in a position which admits of motion. 

§ 96, p. 126. The erg may also be defined as the work done 
in the latitude of the Northern States by raising ^|^ of a gram- 
mass to the hight of 1*^°*. The objection to this method of 
definition is that it is a variable measure. The same may be 
said of the foot-pound, which also evidently varies with locality, 
and must be reduced at each place to absolute units by the 
equation 

Work =Fs = weight X s = Mgs. 

For example, in the Northern States the work done in raising a 
pound-mass through 1 foot is 

Mgs=l X 32.2 X 1 =32.2 foot-poundals. 

§ 101, p. 131. Power. The pupil should be informed that, 
in connection with machines, the term power has a technical 
signification which is quite distinct from its usual signification 
in dynamics. Here it is used in the sense of force. 

§ 101, p. 132. Law of Macliines. In a perfect machine (i.e., 
one in which no internal work is done) the work done upon the 
machine { = Fs) is equal to the work done by the machine 
(= 2^iSi) ; or, Fs = FiSi ; hence, FiF^iisiSi. 

P. 135. Levers, If a teacher has a "plenty of time" (?) 
he may teach the popular but useless division of levers into 
three classes. 



CHAPTER III. 

HEAT. 

§ 103, p. 139. When the water in this experiment nearly 
reaches the boiling-point, it will be forced out in a constant 
stream. Previous to that, it will only escape in drops. 

§ 110, p. 142, Exp. 4. In the apparatus prepared especially 
for this experiment, several wires of different metals are fastened 
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upon a Tionrd, and mndc to CDtivet^e tt> a point where the flame 
IB to be located. By running tlic fingers along the several wires 
toward the heated end, until they reach the jjoint in each where 
tlie heat is unendurable, and noting the distance of these ix>ints 
respectively from the dame, the pupil ifl enabled to determine 
with a. great degree of accuracy the relative conductivities of 
the several metals. He will notice that those metals which are 
the poorest conductors become incandescent fii'st, and shonld 
be required to eJipltiia this phenomenon. 

Kxp- 5. The pu[>tl should be directed carefully to avoid 
allowing the flame to touch the part ot the tube not covered 
by the water, 

§111, Exp. 1. The success of this experiment will depend 
largely upon the skill in manipulation, and had better be per- 
foiTiied by the teacher only. It will be well to heat the water 
in the beaker as warm as can be borue by the hands before 
inserting the tube* 

§ 112, p, ]45, Vevlilation. ''The volume of air to be re- 
newed in places requiring to be pm-ified may be fixed as 
f oUowa : — 

Per hour and twr indivldiiiil. 
'^ Hospital a : 

GrdirmiTy ca^ee , . , , 60 to TO****" 

Woainlcu! pt^reons ....,,,,,. 100 

At times of epideniica 160 

PrifiOTia , . , . 60 

Workflhops, ordinary ..,.,..... GO 

uohcfllthy 100 

Tli^tttrea, nmsit-hallE, vtti. .,,,,,., 40 

Long gft the rings t meetings ........ 00 

Short giitlieringSj mt^etings .,...*,. 30 

Infnnt schools . . . , 12 to 15 

Adait sdiooU ,....,, 25 to 30 

BtiLblee, cte 180 to iiOO 

" Tbcse %ures agree witb those of English, American, and 
German liygienists." — fiKNKRAL Mortn, Director of the Con- 
BPTatoire des Arts ct M^^^i^rs, at Paris, 
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§ 127, p. 158. "Let us suppose that the rarefaction is car- 
ried on so far that only one particle out of every original million 
is left in the space exhausted. The pressure is one-millionth 
of its original amount ; but any molecule once in motion has 
one-millionth its former chance of encountering any other mole- 
cule, and, consequently, its average free-path is magnified a 
millionfold. The mean path would then be (Crookes) loUo* "" 
X 1,000,000 = 100"™, or about 4 inches. By means of a good 
Sprengel pump, exhaustion to the hundred-millionth of an at- 
mosphere can be attained, and the mean free-path of the gas 
so rarefied would be about 33 feet. In our atmosphere, at a 
hight of 210 miles, the single molecules are relatively so few 
(1000 to the ccm.) that each molecule might travel through 
a uniform atmosphere of that density for 60,000,000 miks 
without entering into collision. Beyond a hight of 300 miles, 
the atmosphere is so rare (less than one molecule per cubic 
foot) that the particles might freely travel through such an 
atmosphere from one fixed star to another." — Daniell. 

§ 116, p. 150. Other examples of abnormal expansion and 
contraction are Rose's fusible metal, iodide of silver, and 
India rubber. See '* Elementary Treatise on Heat," by Bal- 
four Stewart, 4th ed., p. 40. 

P. 159, Exp. 3. Inasmuch as the water first receives the 
heat, and then communicates it to the ice, it is not possible 
to prevent the water, even though we constantly stir it, from 
becoming warmer than the ice. But the temperature of the 
ice will not rise above 0° C. 

P. 161. Boiling point. "Dr. Carnelly finds that ice, if 
heated under an exceedingly small pressure, may be rendered 
very hot (180° C), and will volatilize freely, yet without 
melting, unless the pressure be allowed to exceed a certain 
low maximum, which he calls, the critical pressure.' ' — 
Daniell. 

§ 129, p. 162. The condenser furnished by the author con- 
sists of a vessel having a capacity of four to five liters, in 
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which ia coiled six feet .of pure copper tube* Tlie glass delivery 
tube hy Fig, 115, IB eoniieeted witli one cud of tliis copper tube 
by a ruljber connector. From thti other end of the coj^per tube 
whieh piej^eea tha vet^sel, near its bottom, eacaiiea tbe dia tilled 
liquid. Cold water is siphoned into the condenser, aa in the 
figure, and the lit^ted water escapee near the top of the ye&sel 
through a delivery tube into a sink. 

§ 130, p» 163. 3£olecttlar Theory of Evaporation and Con- 
densaUon. ** Wo have seen that iu the case of a gas, some 
of the molecules have a much greater velocity than others, ho 
that it is only to the avemge velocity of all the molecules that 
we can ascribe a definite value. It is jirohable that this is also 
true of the motions of the uiolecuka of liquids, so that, though 
the average velocity may be much smaller than in the vaixjr 
of that hquid, some of the molecules in the liquid may have 
velocitiea equal to or greater than the average velocity in the 
vapor. If any of tlie molecules at the surface of the liquid 
have such velocities, and if they are moving from the liquid, 
they will escape from those forces which retain the other mole* 
cules as eonstitucnta of the liquid, and will fly aljout as vapor 
in the space outside tljc liquid. This is the mokcular theory of 
evaporation. At tlie same time, a molecule of the vapor striking 
thi? liquid may become entangled among the molecules of the 
liquid, and may thus become part of the liquid. This is the 
molecular explanation of condensation. The number of mole- 
cules which pass from the liquid to the vapor depends on the 
temperature of the liquid. The number of molecules which 
pass from the vapor to the liquid depends upon the density of 
tlie vapor as well as its temperature. If the temperatxire of the 
vapor is the same as that of the liquid, evaporation will take 
place as long as more molecules are evaporated than con- 
densed ; but when the density of the vapor has increased to 
such a value that as many mo lee ides are condensed as evapo- 
rated, then the vapor has attained its maximum density. It ia 
then said to be saturated, and it is commonly supposed that 
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evaporation ceases. According to the molecular theory, how- 
ever, evaporation is still going on as fast as ever ; only, con- 
densation is also going on at an equal rate, since the propor- 
tions of liquid and of gas remain unchanged." — Maxwell. 

§ 132, p. 165, Exp. 1. For obvious reasons the results here 
stated are theoretical rather than practical, inasmuch as the 
water resulting from the melting ice cannot be kept at the 
same temperature as the ice. 

More satisfactory results may be obtained by pouring 1^ of 
water at 80° C. upon I'' of ice at 0° C, and noting the tempera- 
ture of the liquid at the instant the ice becomes melted, and 
calculating from the data found the number of units of heat 
rendered latent. 

§ 133, p. 167. Latent heat. "We now know that it is not 
heat of any kind ; it is latent or potential energy. Work must 
be done upon ice in order to convert it into the more highly- 
stressed condition of water. Water differs from ice at the 
same temperature in possessing more potential energy." — 
Daniell. 

§ 135, p. 167. The reason for using two substances in this 
experiment rather than one is that a given quantity of water 
will dissolve more of both than of either alone ; consequently, a 
greater amount of heat will be consumed. 

§ 136, p. 167, Exp. 2. For the purpose of comparison, it 
would be well to take water at about 60° C, and fill the porous 
cup, and also a glass beaker of as nearly the same size and 
shape as practicable, and place a thei-mometer in each. In the 
course of five to ten minutes there will be quite a perceptible 
change in the temperature of the two bodies of liquid which 
had the same temperature at the beginning. 

Exp. 3. The author finds that raising a window a little way, 
so as to get a good draft of air, answers much better than the 
use of the bellows. It ma}' take at best from ten to fifteen 
minutes to freeze the water. Hence, it would be well to reduce 
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the temperfitiire of the water to a low point by means of a freez- 
ing mixture l>ffore introdudng it into the tube. 

§ 145, p. 174, The phrase ''conservation of force" is some- 
tiirtes used, but should be avoided, because it is entii'elj erro- 
DeoTis, A single illustration will tnake this apparent. Take a 
lever 12 ft, long, place the fnlerum 3 ft. from one end, and 
apply a force of 3 lbs. at the extremity of the long arm, and a 
force of 9 lbs. will be exei-ted at tlie other end of the lever. 
Here force is apparently created. If the force is applied at the 
extremity of the short arm, force apparently disappears. But 
though there is no conservation of force, there is a strict con- 
servation of energy in this and in all other mechanical contri- 
vances. On this principle is to be oxjjlained the paradox in 
the statement that a single -inch piston of the hydraulic press, 
pressetl in with a force of CO lbs,, will commensurate a pressure 
of CO lbs, to every square inch of a cylinder, however large. 

Ton can store e uer gy, but you cannot store force any more 
than you can store time, A stone resting on the ground 
presses the ground : force is all the time exerted, but the 
cleverest engineer could not dri^e a machine by using a weight 
resting on the ground. 

§ 147, p, 175, Joule* B Equivalent, According to Joule's 
revision of this physical constant, its value is, at si^a-lcvcl at 
the latitude of Greenwich, 77:^.55 ft. lbs. In accordance witb 
th'S value, the calorie =^ 42:3,i*H5^e" =: 41,5^8,010,000 ergs. 

If the numerical value is so chosen as to give the worfc corre- 
sponding to a unit of heat, it is called Joule's Eqtiimdentt or the 
mechanical equivalent of beat ; if, on tlio contrary, it gives the 
heat corresponding t<3 a unit of work, it is called tlte thermal 
equivalent of ivork. If the former is denoted by J, the latter is 

1^ 1^ 

J^~42S.9H5 

to 0*00235 calorie of beat. 



— 0.00205 calorie ; i.e., 1'*^^ of work is equivalent 
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CHAPTER IV. 

ELECTRICITY. 

§ 151, p. 181. Cw^ent, Electricity, whatever it is, can pass 
from one body to another ou\y \)y passing consecutively through 
every point of the path joining them. We may, therefore, with 
perfect propriety speak of a current of electricity. 

§ 158, p. 184. '' How Electricity Originates:' In the first 
edition of the Physics the foregoing expression, as well as the 
expression " generate electiicity," were inadvertently used. 
These expressions, though often convenient, ought carefully 
to be avoided, as they convey erroneous ideas. Electricity is 
a something whose sum total in the univerae seems to be con- 
stant, for we cannot alter the quantity contained in an isolated 
space by any method. We conclude that electricity is inde- 
structible and uncreatable, by an exact parity of reasoning with 
that by which we are convinced that matter is indestructible and 
uncreatable. 

When a body is electrified, another is always charged with an 
equal amount of the opposite kind of electricity, so that we may 
regard the process as, not the generation of anything, but a 
separation, 

Exp. 4, p. 194. A suitable battery for this experiment con- 
sists of two Bunsen cells connected tandem. The electrolyte 
may be composed of sulphuric acid diluted with twenty times 
its volume of water. 

§ 178, p. 203. " The resistance of all wires increases as the 
temperature rises, and the resistance of nearly all metals in- 
creases at the same rate, iron and thallium, according to Dr. 
Matthiesen, being the only exceptions. From the tables given 
by Latimer Clark we learn that the resistance of iron wh-e in- 
creases about thirty-five hundredths (0.35) per cent for each 
degree Fahrenheit, and that the resistance of copper increases, 
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as the temperature rises, twenty-one hundredths (0*21) per cezit 
for each degree- 

' ^ The rate of increase is not i'<?ckt>ned all through on the origi- 
nal reeistauee, but is computed in the same manner as compound 
interest ou a sum of money. For example, if wo have a wire 
which measures 100 ohma at 60"* F., and the resistance be in- 
creased a certain aniou[it hy a rise of one degree in temperature, 
it will be increased by the next degree of rise at tbe same rate 
per cent, calculated on the original resistance, plus the amount 
increased by the fii'st degree of rise." — Lockwood. 

Exp. 1, p, 215- As many aa four Bunsen cellfl, connected 
abreast, should be used in this experiment, and the extremities 
of the wires should not dip more than 1'"''' into the mercury- 
In using the apparatus illustrated in Fig. 152, a very strong 
current will be required. 

Exp, 2, p, 21C, In the apparatus furnished by the author for 
this experiment, zinc and carl)0[i plates are used, and a solution 
of bichromate of potash, like that used in a Grenet cell, should 
be used in this floating battery. The battery, left to itself, will 
take up a position with its coil N and S. 

§ 190, p. 218. Ampere's theory serves a very useful purpose 
in acquainting the pupil with very many phenomena of elec- 
tricity and magnetism, and the laws governing them, very much 
as the fluid theory of electricity has, at lea.'st, furnished a ver\' 
convenient language in which to express the various electrical 
phenomena. Yet, plausible as this theorj^ seems in many of 
its aspects, it is open to many serious objections, of which we 
give only one. It would seem that, if this theory be true, force 
would be required to d^magiietize instead of to maguetiEe mat- 
ter; for, if the assumed molecular ciiri'ent'9 forming an inhe- 
rent part of the constitution of matter really e^rist, they must, 
by tlic fundamental laws of elecfa"ie currents, always arrange 
themselves in parallel order, 

Exp. 3^ p. 221. In performing this experiment, the glass 
plate should be thin, and should not touch the steel disk. It 
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would be well to have a glass plate set in a wooden frame for 
this purpose. 

§ 192, p. 222. Magnetic Poles of the Earthy and Vari- 
ation of tlie Needle. " When the phenomena of terrestrial 
magnetism were first somewhat accurately observed, about 300 
years ago, the needle pointed here in England a little to the 
east of north. A few years later it pointed due north ; then, 
until about the year 1820, it went to the west of north, and 
now it is coming back towards the north. . . . Everything 
goes on as if the earth had a magnetic pole revolving at a 
distance of about twenty degrees round the true North Pole. 
. . . About 200 years from now we may expect the magnetic 
pole to be l^etween England and the Noi-th Pole ; and in Eng- 
land at that time the needle will point due north, and the dip will 
be greater than it has been for 1000 years, or will be again for 
another. That motion of tiie magnetic pole in a circle round the 
true J^orth Pole has already, within the period during which accu- 
rate measurements have been made, extended to somewhat more 
than a quarter of the whole revolution." — Sir William Thomson. 

§ 207, p. 237. The principal source of difference of potential 
is the contact of dissimilar surfaces^ — that is, either of differ- 
ent substances, or of two pieces of the same substance whose 
surfaces are in different conditions. A piece of rosin and a 
piece of glass will, after contact, be more difficult to pull 
asunder than two pieces of rosin or two pieces of glass ; and 
if they be rubbed together, so as to multiply the points of con- 
tact, the effect is multiplied. When puUed asunder, two such 
bodies are found to be charged equally and oppositely : across 
the surface of contact there has been a separation of positive 
from negative electricity. The development of electrical con- 
dition is thus necessarily a phenomenon of continual recurrence, 
and it greatly influences the adhesion of one body to another. 
In all probability, wherever there is friction, the energy ulti- 
mately converted into heat is, in the first place, converted into 
the energy of electilcal separation. 
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** Wlien two suhst:iiioos have rl iff o rent molecular Tolocities at 
tlicjr eoinition Burf^f^e of mutual contaotT the mokcnles hamper 
one another, and energy ia lost : this energy takea the form of 
the energy of electrical displacement," — Daniell, 

% 233, p. 250, The quickest way to charge a battery of Jars 
is to connect the inner twsatings with one of the conductors of 
the electrical machine, and tlie outer coatings with the other 
conductor. Likewise, iti using the Aurora tube, the top of the 
tube should bo connected with one conductor and the bottom of 
the tube with the other. And the same is true of all other 
pieces of apparatus through which charges of electricity are to 
be sent* 

Fig. 1^2, p, 254* A good substitute for the apparatus here 
described may be easily and cheaply prepared as follows: 
Apply a varnish, made by dissolving gum shellac in alcohol, to 
one side of a piece of window-glass about 6 inclies long and 4 
Inches wide, and sift iron filings over the wet surface. Ab the 
alcohol evaijoratesj, the gum will cause the filit^gs to adhere firmly 
to the glass. Tlie glass thus prepared may be used in the 
maimer directed for the mica disk. 

A piece of common ndrroF'glass also answers this purpose 
well. 

§ 230, p. 256. Great E.M.F* ia produced in every f notional 
machine, but it is an essential pai-t of the contrivance that the 
rubber and the main conductor shall be separated by the insu- 
lator which is rubbed. We cannot, therefore, even if we con- 
nect the rubbers with the main conductor, complete a circuit, 
es:L*ept through this insulator. Now this insulator has such an 
enormous resistance that, according to Ohm^s Law, even the 
great E,M,F, produced by the machine can produce only a very 
feeble current* 

§ 234, p, 2r>9, Voltaic Arc, One may form a good idea of 
the size and shape of the arc by looking at it through a colored 
or smoked glass. 

§ :245, p. 200 , The following very clear and conciac dcseri[> 
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tion of the operation of the telephone is taken, with slight 
modification, from Jenkins's "Manual of Electricity": — 

" One instniment, which shall be called the receiver, is held 
to the ear. The person wishing to send a message speaks into 
the mouthpiece of the other instrument, which will be called the 
sender. The spoken words cause the air to vibrate in front of 
the sender, and the disk E of that instrument vibrates as the 
air does, alternately approaching and leaving the end of the 
magnet M. Each change in the position of the disk E causes 
a change in its magnetism, and in the magnetic field occupied 
by the coil B. Each change in the magnetic field causes an 
induced current in the circuit. This current is reversed at each 
change of direction in the motion of the disk, and, moreover, 
its magnitude is at each instant sensibly proportional to the rate 
at which the disk E is moving ; for we know that the induced 
current is proportional to the rate of change in the field enclosed 
by the coil -B, and we see that this rate of change will depend 
on the rate at which the disk E is moving. The induced cur- 
rents acting on the receiving instrument will change the mag- 
netism of the steel magnet A and the magnetic field in which 
the disk E of the receiver lies ; each change will be accompanied 
by a change in the attraction of the iron disk to the magnet, and 
thus the disk E will be set in vibration. It will move to and 
fro as often as the direction of the current in the circuit is 
reversed ; but, more than this, its rate of motion at each instant 
will be proportional to the rate of change in the magnetic field 
it occupies. Now, this rate of change is the same rate as that 
of the charge in the current, which again is the same rate as 
that of the motion of the sending disk E. The motions of the 
sending and receiving disks will therefore be similar, though of 
unequal magnitude. The air, therefore, in front of them — 
which in one case moves the disk, and in the other is moved by 
it — will also vibrate in the same way ; and, since the vibrations 
of the air at the sending end produced the impression of articu- 
late words on the ear, so the vibrations of the air caused by the 
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disk E at the receiving end will also produce the impression of 
the same articulate sounds* The chiuf differeneo between the 
two sounds is one of magnitude. The action of the two disks 
is similar to that in the toy telegraph, where *two parchment 
disks are mechanicjilly connected by a ti^jht etritifr* The elec- 
trical currents due to induction give those impubes in the one 
case which in the other are given mechauicallj by the string/* 
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S 267, p. 288* Loudmss of Sound, ''The seneible loudness 
of sounds does not coincide very closely with their physical in- 
to neity* Tliis arises partly from modification in the form of 
the \'ibration induced by so complicated a transmission through 
the auditory apparatus, partly from causes purely physiolog- 
ical/* — Dantell. 

§ 274, p. 294. Very fair results may be obtained in tbese 
experiments with an ordinary tuning-fork. The forks mounted 
on resonance^ boxes arc considerably larger and more expensive 
than the ordinary tuning-fork, and are usually called diapasons* 
They should be set in vibration by bowing with a large bass 
lx>w, the bow having been previously rubbed over a piece of 
warm rosin. Avoid striking tliem ui>on bard substances, as 
permanent injury may be done them in this way. Another con- 
venient way of setting tliem in vibration is by drawing quickly 
between the tines a rod of wood whose diameter is a little greater 
than the width of the space between the tines at their extremities. 
Diapasons should be csxefully prot-ected from ru&t, as tins will 
alter their pitch. Diai>asoua lilce those in Fig, 214 require 
especial care, as a very little rust, or a very shght change in 
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tljG olflBtioity of cither one, mxiy alter by a single vibration, or a 
piirt of a vibnition, the vibration mte of one of them. In tbat 
earn they muat be tuned in uniaon by an experienced hand be- 
fore tht^y ^11 iinswer again the purpose of showing syinpatbetic 
vibrations. To proteet forks from mat, previous to laying away 
after use, they should be wiped witli a woollen cloth slightly 
moistened with vaseline. Vaeeliae may bo used to advantage 
to protect all pieces of apparatus mude of iron or steel from 
rust. 

§ 296, p. 321. The lowest sound is obtained by touching the 
center of one side aud bowing the corner. The damping is best 
done by touching the plate with the extremity of the finger-nail. 
A node is always started from the point that is touched, while, 
of course, the point bowed is a ventral segment. The next 
note, a fifth above, is produced by damping the corner and 
bowing the center. By altering the position of the finger and 
boiv, and BomctLmea using fmger and thumb, a great variety of 
figures may be obtained, which may be further extended by 
changing the points of support. 

If sand (fine writing sand is best) mixed with lycopodiuin 
powder is strewed upon a vibrating plate, the sand will collect 
on the nodal lines ; but the lycoi)odium, by the agitation of tbe 
air, will be bloym toward the center of eucli vibrating segment. 
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§ 800, p. 325. Kinds of BadmHon. '* When a succession 
of waves impinges on a mass c:>f ordinary matter, the effect varies 
according to the nature and the condition of the body which re- 
ceives their shock ; if it be an i^rdinary opatpic mass, that mass 
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may be warmed, wave-motion being transformed into heat, and 
the waves, which have impinged upon it, are ex post facto called 
a beam of radiant heat ; if they fall upon the eye, they may pro- 
duce a sensation of light, and the wave S3'stem is then called a 
beam of light ; falling upon a sensitized photographic plate, or a 
living green leaf, it may operate chemical decomposition, and 
it is then called a beam of actinic rays. The word " rays" in 
the last phrase may be understood to mean, not imaginary lines 
at right angles to the wave-front, but kinds of radiation ; and 
hence we speak of heat rays, of light rays, of chemical or ac- 
tinic rays, these names being given to one and the same train 
of waves according to the effects which it is found competent to 
produce. But while ether- waves are in course of traversing the 
ether, there is neither heat, light, nor chemical decomposition ; 
merely wave-motion and transference of energy by wave-motion. 
Hence, none of these names can in strictness be applied to a 
train of waves while these are actually travelling thi-ough the 
ether. 

"According to Clerk Maxwell's view, the ether is a homo- 
geneous body, a non-conductor of electricity. Periodic electric- 
stresses applied to this produce waves which travel at the rate 
of about 300,000,000 meters per second. These waves are 
waves of transverse vibration, and there is no vibration longi- 
tudinal or normal to the wave-front.'* — Daniell. 

§ 311, p. 334. In a course of lectures given at the Lowell 
Institute in Boston, in 1882, Prof. S. P. Langlej' said that 
the light of the sun is two and a half times as brilliant as the 
same area of electric (arc) light ; and that if a calcium light be 
held between the eye and the sun, the light would appear to be 
a black spot upon the sun. As a measure of comparison, in 
assisting the comprehension of the infinite quantity of light 
thrown off by the sun, he remarked that if there was an electric 
light of 2000 candle power on each square foot of the surface of 
the earth, then the whole light from the earth would be less than 
one-billionth that from the sun. 
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§ 301, p. 326. "We are led to infer, therefore, that there is 
such a medium, which we call the luminiferous ether j or simply 
the ether; that it can convey energy ; that it can present it at 
any instant, partly in the form of kinetic, partly in that of 
potential energy ; that it is, therefore, capable of displacement 
and of tension ; and that it must have rigidity and elasticity. 
Calculation leads us to infer that its density is (Clerk Maxwell) 

936 

1,000,000,000,000,000,000,000 t*i^t o^ water, or equal to that of our atmos- 
phere at a hight of about 210 miles, a density vastly greater 
than that of the same atmosphere in the interstellar spaces; 
that its rigidity is about 1,000,000,000 ^^^^ ^^ ®*^®1 > hence, that it 
is easily displaceable by a moving mass ; that it is not discon- 
tinuous or granular ; and hence, that, as a whole, it may be 
compared to an impalpable and all-pervading jelly, through 
which light and heat waves are constantly throbbing, which is 
constantly being set in local strains and released from them, 
and being whirled in local vortices, thus producing the various 
phenomena of electricity and magnetism; and through which 
the particles of ordinary matter move freely, encountering but 
little retardation if any ; for its elasticity, as it closes up behind 
each moving particle, is approximately perfect." — Daniell. 

" We are at liberty to deny the existence of all action at a 
distance, and attribute it to the intervening medium, which, to 
be logical, we must assume to be continuous and not molecular 
in constitution." — Rowland. 

"It is a most wonderful fact that we have never been able 
to discover anything on the earth by which our motion through 
a medium can be directly proved. Carried, as we suppose, by 
the earth with immense velocity through the regions of space 
filled with ether, we have never yet been able to prove any 
direct influence from this ethereal wind." — Rowland. 

§ 344, p. 373. " The bolometer, a curious instrument recently 
introduced by Prof. S. P. Langley for measuring minute quanti- 
ties of radiant energy, promises important results in optical 
and astronomical investigations. It is based upon the fact 



CHAPTER VI.^LIGHT- 



155 



that, when equal condiictora of the electriea! current are at the 
same temperature, tlicir conducth'itiea are equal, and the etirrent 
of a battery can be eqnallj divided between them ; while, if 
unequal! 3' heated, their conductivities are unequal, and tiie dif- 
ference in current can be detected with the galvanometer. By 
substituting thin sheets of metal for the wires ordinarily em- 
ployed as conductors, so as to take up :ind part with its radia- 
tioiiB with great rapidity, an inatrnment is produced capable of 
measuring such minute quantities of heat as 0.00001'' C. ; 
capable, also, of recording the infinitesimal heat radiations of 
the diffraction spectrum. The iut*^resting statement is made in 
this connection, that the curves of light, beat, and actinism, 
instead of receding from each other, as commonly undei'stood, 
are in reality coincident, that is, the aolar beamy instead of con- 
sisting of a pencil of rays bound hi to a luminous sheaf called 
lights is a homogeneoics and simple energy^ the names lights heat^ 
and actinism being merely navies for its different modes.*' — 

I^LECTRICrAN. 

§ 346, p, 375. Effect of the Atmosphere oa the Color of Sun- 
light. " Sunlight is originally bright blue, and is extremely rich 
in the more refrangible rays^ but filtration through two absorbent 
atmospheres — that of the sun and that of the earth — renders it 
a yellowish white." — Lakgley. 

§ 347, p. 878, It is now the received view that all color- 
perceptions, infinite as they may be in intensity and in hue, are 
due to the simultaneous excitation of three sets of nerve-ends 
by stimuli of relatively varying amouut. These three physio- 
logically-primary color sensations are (Young and Heliuholtz) 
red, green, and violet. When orange light a^Tects the eye, the 
nerve -ends sensitive to red are affected ; those sensitive to green 
are affected, but less so, while those sensitive to violet are very 
feebly affected. \¥hen the red and green nerve-ends (as we 
may for eonvcuience call them) are equally affected, the resultant 
impression is one of y<4low ; hence, a mixture of rod iitjht with 
green light produces a sensation of yellow^ In like manner, the 
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mixture of green and yiolet in varying proportions may prodnoe 
all the color- senfiations which the epeetriim between the green 
and Yiolct ie capable of stimiilatiog, as maj be shown by the 
rotation of stiitable eolor-dislts, 

§351, p. 379. Interference. '^The twinkling of atara m 
another effect of interference ; light coming to the eye from r 
star, so distant as to be practically a siuglc luiniaoiia point, 
arrives in ray a which have traversed s%htly unequal distances 
in an irregnUirly refractin*^ atmosphere, and thus enter the eye in 
unequal i^hases. Now one color is distinguished, now another ; 
the eye p<3rccives colored light complementary to that momentarily 
lost, No two persons can, as a rule, see any star twinkling in 
precisely the same manner* The planets twinkle only at their 
edges ; their dislcs present many points or sources of light, whose 
seintillationa, on the whole, mask one another," — Dani ell, 

§ 353j p. 384. Polarization. ^* Ordinary light consists of 
vibrations taking place always in planes at right angles to the 
direction of the ray^ but in all directions in those planes. That 
is, if the ray travels along the axle of a wheel, the vibrations 
comijosing it are all in the plane of the wheel, but are executed 
along any or all of the spokes* 

^^ The effect of reflecting light at certain angles from cer- 
tain substances, or of passing it through certain crystaUiue 
substances, is to cause oil the vibrations to take place in the 
same direction, — that is, along one spoke of the wheel and the 
spoke opposite to it. 

*' The light is then said to be polarized. Now, if the wheel, 
without being rotated, be slid along the axle, the spoke along 
which the vibrations take place will trace out a plane. 

' ' When no rotative force is applied to the polai*ized light, the 
vibrations all take place in this plane, and the light is said to be 
' plane-polarized.' 

" We cannot detect by the eye in what plane light is polarized, 
or, indeed, whether or not it is polarized at all. In order to do 
so, we have to take advantage of the following natural law : — 
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* ' Transparent bodies which have the power of polarizing light 
any given plane are opaque to light already polai'ized in a 



plane at right angles to that jjlane ; and reflecting stn^faceB which 
have the i>owei' of polarizing light in a given plane will not reflect 
light which, when it falls on tbom, is already polarized ia a plaiic 
at right anglee to that plane- 

'' Thna^ to determine in what pkne light is polarized, we have 
only to take a crystal w^hich has the jx^wer of polarizing light in 
a certain plane » fixed with regard to its axis, and to tura it round 
till tlie light is extinguished, 

' ' We then know that the light is polarized in a plane at right 
angles to that plane in the crystaL" — Gordon* 

§ 35Gj p, 387, ^* Whatever light is, at each point of apace 
there is something going on, whether displacement, or rotation, 
or soniethJQg not yet imagined, but which ia eertaialy of the 
nature of a directed quantity, the direction of which is noimal 
to the direction of the ray. Tliie is completely proved by the 
phenomena of iuterfeieuee," — Maj^well. 
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TEST QUESTIONS. 



1- Describe an expeiiment which you have performed at your 
home, aud state the lesson derived from it, 

2, Why, aa yoii raise the vessel £, Fig* 22, Phyeies, higher 
aud higher, is the mbhcr forced inward more and more ? 

3, Name some phenomena which are the result of the earth's 
attracting the moon and the moon's attracting the earth. — Ans^ 
The former attraction mainly keei>e tlie moon in her orbit, md 
the latter is one of the causes of tidal phcuomena, 

4, What is the distinction between mitss aud iceightf WTiich 
better defines a body ? Why ? 

5, If liie esirth were a homogeneous shell devoid of air, aud 
a person were to jump from one side towatxl the center, where 
would he stop ? Could he atop at the center ? Would his path 
be straight or curved ? Would his motion be accelerated, re- 
tai'ded, or uniform ? What would be tlie effect produced uijon 
the earth at the instant he jumps? If the earth and his body 
were perfectly elastic (it.^. , the coefficient of restitution = 1) , 
how long would he continue to move ? If in his journey through 
the hollow space he should let drop a ball, what would become 
of it? 

6, If ttie earth were a bomc^eneous sphere, and a hole ex- 
tended from surface to surface throiigli the center, and the hole 
were a Yacunm, and a ball should be dropped into it, where would 
it stop ? Where would it have its maximimi velocity ? How 
long would it continue to move ? 
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7. A coil of glass tubing, after being suspended for a year, 
became permanently stretched. What property does this phe- 
nomenon show that glass possesses ? 

8. One man holds one end of a rope in his hands, and another 
man pulls the other end of the rope with a force of 90 lbs. 
What force does the latter compel the former to exert in order 
to retain the rope in his hands ? — Ans. 90 lbs. 

9. Two men at opposite extremities of a rope pull each with 
a force of 100 lbs. What is the force exerted between them or 
the tension of the rope ? — Ans. 100 lbs. 

10. What force is necessary to separate a pair of Magdeburg 
hemispheres from which the air has been entirely exhausted, and 
whose diameter is five inches? — Ans. 294.5 lbs. 

11. What force would be necessary- to separate the above 
hemispheres at a place where the barometrical column is 20 
inches? — Ans. 196.3 lbs. 

12. What force would be necessary to separate the same 
hemispheres at sea-level if only one-fourth of the air has been 
removed from them? — Ans. 73.8 lbs. 

13. A stone weighing a kilo rests upon a shelf, and another 
stone of the same weight is suspended by a string. What effect 
is produced by the force of gravity acting on each ? — Ans. In 
the former case, pressure ; in the latter, tension. 

14. If the shelf is removed and the string is cut, what change 
in the effects of gravity will occur? — Ans. Pressure and ten- 
sion will cease, and motion will be produced. 

15. In the experiment with vessel jB, Fig. 22, why is the 
rubber pressed in farther the higher the vessel is raised ? Is it 
because the pressure of the air increases as the vessel is raised ? 

^"•16. A cubical vessel, whose interior dimension is 6*^, is filled 
with water and sits upon a table. What is the entire pressure 
exerted by the liquid tending to separate the sides of the con- 
taining vessel? — Ans. 216*. The pressure of the liquid upon 
the bottom is 216«. But this pressure does not tend to separate 
the bottom if there is no upward pressure against the top, the 
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weight of the liquid being supported by tlie table* The pres- 
sure against each of the four sides is 108*, and the force tend- 
ing to separate two opposite sidcfi h 1 08" ; and the entire force 
leading to geparuto the two pairs of opposite sides is therefore 
216', 

17. A man jumps frora an eminence- During his descent how 
does the pressure of his feet upon the soles of his shoes com- 
pare with his weight ? Explain, 

18, At what hight does a water barometer stand when the 
mercurial barometer stands at 30 inches ? — Ans. 33 J ft. 

19- In an atmosphere where the pressure is two atmospheres, 
how long should a barometer tube be to measure the atmos- 
pheric pressure? 

20. State Mariotte's Law, and how it may be verified. 

21- In the Eight-in*one apparatus, why does not water flow 
from the orifices &, c, etc., when the plug a is outf*--Aus. The 
descent of the water is unresisted ; consequently, there is no 
downward pressure, and, for this reason, no lateral pressure* 
—^^22- If a man slides down n vertical rope, grasping it more or 
less firmly with a constant grip, how will the tension on the rope 
compare with his weight? 

23. Wh^is there no lateral pressure in liquids falling freely? 
— AnR, There is no pressure in such a body of liquid in any 
direction, inasmuch as, according to the supposition, its motion, 
caused by the force of gravity, is unimpeded- See Physics , 
p. 44- 

24. Place one body on another, and allow them to fall in a 
vacuum ; would the former press upon the latter during the fall ? 

25. Show that a body having uniform motion must be in a 
state of equilibrium. 

26. Wliy do fluids transmit pressure in every direction, while 
solids transmit it usually only in the difection in which the force 
acts? 

27* Why does pressure in a body of liquid increase as its 
depth, while in a body of gas it increases mth its depth? 
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28. Lay a piece of paper on the smooth surface of a board, 
and let both drop. They reach the ground together ; but if sepa- 
rated and dropped simultaneously, the board reaches the ground 
first. Explain. 

29. Raise the piston t^ Fig. 43, p. 60, to the top of the cylin- 
der 0, and stop up the tube u at its opening into the cylinder. 
What force must be applied to the piston to pull it to the bottom 
of the cylinder, the area of the transverse section of the piston 
being 20***"? Suppose that the piston, at the beginning, is at 
the middle of the cylinder, will the force required to keep it in 
motion be constant? About how great will be the force when 
it reaches the bottom of the barrel? Suppose the force at that 
point is withdrawn, what will happen ? Suppose the apparatus 
to be inverted, and a person were to blow with a force of 10«, 
the area of the cross section of the bore of the tube being 1^*", 
what weight placed upon the piston might be sustained ? If the 
free extremity of the tube is raised 2"* above the lower extremity 
of the piston, and water is poured into the tube until it is filled, 
what weight placed upon the piston will be sustained by the 
water? What name would the apparatus receive in the last 
case ? Suppose that a plug, just fitting the interior of the tube, 
were forced into the tube pressing against the water, what would 
the apparatus become? 

30. The diameter of the mouth of an air-pump receiver is 
20"°. Three-fourths of the air has been removed from iiie 
receiver. The receiver weighs 1.5*^. What force will be 
required to raise it from the pump-plate? 

31. A person is on deck of a vessel which is moving due east 
at the rate of one mile an hour ; at what rate must he walk due 
south-west in order that his resultant motion may be due south? 
What will be his southerly velocity ? (Solve by constructing a 
diagram.) 

32. A steamship is moving due north at the rate of 10 miles, 
the tide carries it due north-east at the rate of 2 miles an hour, 
while the wind carries it due north-west at the rate of 4 miles an 
hour ; what is its actual course and velocity ? 
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33. A ship is sailing due south-west at the rate of 8 miles an 
hour j^^jffhat is its southerly velocity ? 

^iT A boat is crossing a stream at the rate of 5 miles an hour. 
A person walks from the stern toward the prow at the rate of 
3 miles an hour. Describe his several velocities, and state how 
great they are. 

35. While sitting in your chair, what motions has the matter 
composing your body ? 

36. A door stands ajar ; why is it not moved perceptibly on 
its hinges when a bullet is fired through it? 

c^-^^ Draw an oblique line to represent the path of a boat 
crossing a river, and find the relative intensities of the current, 
and the force which propels the boat at right angles with the 
banks. 

^^^"38. Represent by lines three forces acting at angles with one 
another on a body, and find their equilibrant. 

39. In Fig. 75, p. 93, Physics, what is the relation of the 
force of gravity acting on the weight w to the forces represented 
by the lines cA and cB? 
^y^^^^T Locate a point A on your paper, and from it draw a hori- 
zontal line AB to the right to represent a force of 10 lbs., acting 
on a body at A, Draw from A another horizontal line AG to the 
left to represent another force of 10 lbs., acting on the same 
l>ody at the same time. In what state will the bodj' be as re- 
gards these two forces ? What is the relation of each force to 
the other? — Ans, An equilibrant. Show that each force 
produces its own independent effect in accordance with the 
second law of motion. Resolve one of the forces into two 
components. Let the intensities of the two forces be as 8 : 10 ; 
represent their resultant, and answer the requirement. 
r^rtT Draw a vertical line AB, Let this represent the path 
in which a body at A^ the lower extremity of the line, is to 
• move. Draw from A a horizontal line -4(7 to the right, to 
represent one force acting on the bod^'. Construct a parallelo- 
gram, and find the direction and intensity of the other force. 
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Letter the line which ropreBents it AD, What is the effect pro- 
duced by the force represented by the line AC ? Show that 
this force produces the same effect that it would produce if the 
force represented by AD were not acting on the body. In 
order to do this you must suppose the force acting in the line 
AD to be resolved into two components. What lines of your 
pai^lelogram represent them? 

*^^. Represent by a parallelogram a case in which the in- 
tensity of the resultant is less than either of its two compo- 
nents. Explain wh}' it is less. 

\A^ (Fig. 75, Physics.) Draw on the blackboard line CD 
to represent the equilibrant of the force of gravity on W. In- 
dicate the direction also of the strings CA and CB, Then, with 
CD as a diagonal, and with two of its sides lying in the direc- 
tion CA and (7J5, construct a parallelogram ; and, with the in- 
tensity of the force represented by CD known, ascertain, by 
comparing each of the sides lying in the line CA and CB with 
the line Ci>, the intensity of each of the component forces. 
Compare the results with the readings of the dynamometers X 
andF. 

The intensity of the force CD and one of its components CA 
being known, find the intensity of the other component. Draw 
the line CD of any desirable length. Draw a line in the direc- 
tion CA as indicated by the string, making its length in com- 
parison with CD proportional to the given forces. Complete 
the parallelogi'am with CD as a diagonal, and the line lying in 
the direction CA as one of its sides ; and ascertain, by com- 
paring the length of the line lying in the direction CB with the 
length of the line (7i>, the intensity of the other component. 
Verify the result by consulting the reading of the dynamo- 
m^r Y, 

44. Two forces of 20^ and 50^ act at an angle of 60° ; find 
theif equilibrant. 

\yib. If two boats just alike are connected by a rope, and two 
men, one in each boat, pull on the rope, at what point between 
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thcTu will they meet? At what point if only one man pulla? 
Why? 

p.4^ State tbrco causes for tiio variation of gravity on the 
earth's surface. 

Lx'+TT Can you move without tlio aid of some otlior body ? 
U.-4^?Tiodiea at rest, with respect to the surface of the earth, 
are really in motion, and thtnr motion h not eoiistaut uor in a 
Btruight line* Arc the forces which act on them In eqiiilibrimn? 
i-^Ur Upon which wiU the effect of a given force be greater, a 
body at rest or a body in motion ? 

L>0r Exprefi!^ the atmospheric pressure at sea-level in absolute 
nni te ♦ — Ans. 1 , 1 2 , G 3 i dyne s per s<:[Uare cen ti meter , 
HJl i Why are * ^ top-heavy " ImkUcs unstable ? 

52. What mechanical advantage may be gained in a copying 
prcBs in which tlie hands move through 1 inch, while the end of 
the screw descends -j-^ inch?- — Ana. F^ 14*2. 

53, What ia the true way of mciienring gmvity or auy other 
force? — Ann, By its etTects in producing moinentmn* 

r>4. How man}^ cub to feet of water will a 10- horse- power en- 
gine raise in an honr from a mine 300 feet deep, a cubic ft. of 
water weighing 02^ lbs. ? 

\,^0^, When a force acts on a body at right angles to the direc- 
tion of its motion, so as to cause it to revolve in a circle ^ does 
it do work on the body ? Why ? 

5G, Docs the sun do work on the planets, which revolve 
about it? Explain. — Ans. No; the force of its attractioa 
merely alters the direction of their motion, but not their velo- 
cities, and, consequently, not their kinetic energy. 
l/o7, "What is the weight of a body at any place ? ^ Ana, It 
is its mass multiplied by the force of gravity at that place 

\y^S. What force is required to lift one gram one centimeler? 

— j^ns, 980 dynes in this liditude, 
uxS9. (ti) A man whose weight is ll'^ stands on the platform of 

an elevator as it descends. If the platform descends with a 
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uniform acceleration of |«, what will be his pressure on the 
platform? (b) What will it be if the platform ascends with 
the same uniform acceleration ? — Ans, (a) | TT. (b) f W. 
\yJ^. A stone weighing 15 lbs. lying upon the ground has a 
spring balance attached to it. A man raises the stone by 
pulling the spring balance. Will the force employed, as indi- 
cated by the spring balance, exceed 15 lbs., and why? If it 
exceeds, upon what will the excess depend? — Ans. It will 
exceed 15 lbs., the excess being employed in producing motion ; 
and the magnitude of the excess will depend upon the mpidity 
with, which it is moved. 

V/Bl. A man carrying upon his shoulders a bag of sand weigh- 
ing 100 lbs., jumps from an eminence. How great will be the 
pressure of the bag upon his shoulders during the descent, dis- 
regarding the resistance of the air? — Ans, There will be no 
pressure, since the man will offer no resistance^ during the 
descent, to the action of gravity on the sand. 

62. A hammer, whose weight is 1500 lbs., falls 10 ft. How 
far will it drive a pile into the earth against an average resist- 
ance of 10,000 lbs.? 

G3. What horse-power in a locomotive will be required to 
draw a train of cars at the rate of 10 miles an hour against a 
constant resistance of 50 tons ? 

V^4. Is friction force? — Ans. Yes; since, according to the 
definition of force, it tends to alter motion. 

C5. Is work force? — Ans, No ; work is the product of force 
multiplied by the space through which it acts. 
v^6. What is the product of force multiplied by the time 
during which it acts called? — Ans, Momentum. 

67. When a force acts upon a body and causes it to move a 
given distance, in what language would you describe the effect 
of the force? — Ans. As work done on the body, or as energy 
communicated to the bod}'. 

68. How does energy differ from power? — Ans, The element 
of time has nothing to do with energy, while power means a 
capacity to do a given amount of work in a given time. 
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69* If an engine RhonkI raise .^Ti lbs, 10 ft. in a socond, and 
at the end of a. seeonil its t'uorgy should be exhausted, eoulcl 
it properW be called a one-iiorse-puwcr engine ? — Ajih, Yes j 
since wliile itdid work, it iierformed at the rate of -33,000 ft. ibs. 
per minute, and thia is just as tiidy a horse -power as it wouid 
be if the work were maintained for a thousand years ♦ 
^>r(h A cannon ball is shot into empty apace ; how great a 
force will bo requirtxl to deflect it from its path ? — Ah3. Since 
the body meefe with no i-etiistanceT any force, however small, 
will suffice to deflect it from its path in accordance with the 
Second Law of Motion, 

i/rt\ Can a child sitting on a sled start or stop the sled by 
I lulling on a cord attached to the sled ? Why ?~A7is, No ; since 
the slcil will, in either cnse, receive l>oth the action aud reaction, 
which, being equal, would neutralize each other. 

L^-T^ Why does not every body loove when acted on by force ? 

L^TSC Why does a body thrown horizontally into the air fall to 
the earth? 

74. Is the expression *^ one horse -power per second" admia- 
sihle, as, for instance, when wc wish to convey the idea that a 
horsc-pt>wer hvits* or is exerted for one second? — Ans. No ; the 
expression would be equivalent to 33,000 ft» lbs. per Becoud 
per second. 

t."^. How many dynes of force are required to set a mass in 
motion ? 

p^G, How many dynes are required to make a gi-am-mass 
move with a velocity of 9.81'" per second, the force acting con- 
stantly for one second? What, if It act for two seconds?'^ 
Ans. 981 dynee i 490*5 d^Ties. 

l-Tf. What is the force acting on a falling gram- mass in the 
Nortliern States? — Ana, 980 dynes, 

i-^. What ie the force acting on a ftilling pound-maBS in the 
Northern S tate s ? — Ans . 3 2 . 1 9 1 p on nda Is , 

j/?1}. How many dynes are rcqnhed to set a mass weighing 
50^" in motion with a velocity of 12"' per second, the force acting 
f o r pre cisoly one secou d ? — Ans. (J , 00 , , 
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80. What kind of energy is chemical energy? — Ans, Poten- 
tial energy, inasmuch as it is due to forces tending to produce a 
rearrangement of molecules. It becomes kinetic when chemical 
action, i,e, rearrangement, takes place. 

81. What kind of energy is the energy of compressed air? — 
AnsyKinetic, since it is due to the motion of the air particles. 
>y^. A body in space is entirely free to move (i.e., free from 
the influence of all other bodies) ; how much force will be re- 
quired to move it? — Ana. A body not constrained by other 
bodies (i.e., perfectly free to move) is perfectly sensitive to the 
action of a force, so that the smallest force would move the 
lamest mass. 

n/83. Compare the velocities produced on masses of 1^, 200*, 
and 1« of forces measuring 200,000, 40,000, and 200 dynes. — 
Ans. All equal if applied for the same length of time ; 200*'°' 
per second if the action endure one second. 
\/o4. Given a body in motion. At a given instant let it be 
left to itself and not acted on by any force. What will happen? 
(See Maxwell's " Matter and Motion," pp. 56, 57.) 

\B(f^ (a) Which has the greater energy, a hody moving at the 
rate of 20"* per second in a straight line, or one of the same 
mass moving with the same velocity in a circular path ? (b) If 
the force which compels the latter to move in a circular path 
should cease to act, what would be its subsequent velocity? — 
Ans. (a) Their energies would be the same, for energy does 
not depend on direction or form of path, but on the velocity at 
each instant along the path. (6) The velocity would be 20" 
per s^ond. 

Mb. Let two equal forces act for the same length of time, one 
on a body weighing 2^, the other on a body weighing &^ ; how 
will the momenta produced compare ? 

87. Is a spring balance a force measurer or an energy mea- 
surer ? Why will it not answer both purposes ? 

,88. How can a power of 5 lbs. raise a ton 10 ft. with a 
perfect machine? 
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89, What power will rais^ 20 tons of coal 100 ft. in an hour? 

L&OtTIow many timPH aw nuiHi t^K'n^y Iuih u hody imn ini^ 1 00 

ft. per eecoud than another botiy of tlie yamo weight oiuviug 

25 ft* per second ? Compare their momenta. 

p^^TT How much faster will an iron ball weighing a pound faU 

than one weighing an ounce ? 

V^^ST Imagine that a body having a mass of 40'^ is at absolute 
rest in space, and is absolutely free from the aetion of all 
external forces, Now let a f*jree of 20 dynes act upon it for 
^ve seconds in one direction. AVhat will bi^ the result? la 
work done upon the body? (Inertia is not a resistance — ^ is 
not a force,) When a body offers no resistance to the action 
of a force, what is the t>nly effect ])roduced by the force ? What 
kind of motion is the result? Wliat khid of energy will the 
body acquire, i*e., kinetic or potential? What velocity will 
the body acquire ? — Ans. 2|-*=™ per second. What amount of 
energy will be imparted to the lM>dy ? — Ans. aO ergs. 

93, Is a pendulum which vibrates seconds at New York longer 
or shorter than one which vibrates seconds at the equator? 
Explain. 

94* Which will tick often er, a clock having an 8 -inch pen- 
dulum or one having a 32-iueh pendulum ? How many timuii 
oftener ? 

95, From the laws of the pendulum derive a reason why a 
person with short legs natm-ally LtJccs quicker steins than a per- 
son witli longer legs. 

06. Describe the trany formations of energy that take place 
during a single swing of a pendulum. 

97. Wbere will a given pendulum vibrate faster, at the top or 
at the foot of a mountain? Why? 

98. Wliich will V iterate in a shorter time, a pendulum 10 
inches long or one 15 inches long? How many times shorter? 

99. Two clocks ^ i>no at the equator, the other at a poL — 
have pendulums of the same length. Which will gain ou tlic 
other, and why? 
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100. It is sometimes necessary to use a pendulum less than a 
meter in length to beat seconds. How may this be accomplished ? 

— Ana. By placing a bob on the pendulum rod above as well 
as below the center of motion. By moving this bob up and 
down the rod the pendulum may be made to move slow or fast 
as is desirable. The musician's metronorne is an example. 
\/l01. A body starts from rest under the influence of a force 
which produces acceleration a = 2 feet ; when will it have a 
velocity of 1000 ft. per second ? — Ana. At the end of the 500th 
Bccond. 

\-^it52. A body travels at 12 ft. per second. In 10 seconds it 
is moving 7 ft. per second. What is the mean retardation? 

— Ana. ^ foot per second. 

U^'itJS. Wherein is the absolute unit of force preferable to the 
gravitation unit of force ? — Ana. The former is not affected 
by the variations in the force of gravity, and hence is every- 
where the same, while the latter is subject to local variation. 
\Jf^. The final velocity of a falling body weighing 5 lbs. on 
striking the ground is 100 ft. per second. "With what force 
will it strike the ground ? " — Ana. The question as it stands is 
devoid of sense, for the time during which it acts (depending 
upon the rigidity of hoik the body and the earth) is not given. 
The question may be stated thus : What is the mean pressure 
between the body which has fallen and the earth on which it 
falls, if a velocity of 100 ft. per second is arrested in t units 
of time ? Assume that t is ^ijW ^^ * second. Since v^at; 
V = 100 ; « = y^Vir ; ^ = 200,000 ; and F= ma = -j|.^ x 200,000 
= 3^,052.7 -fibs. 

\yiOb. What is the velocity of a falling body at the end of the 
5th second at a place where ^ = 2"* per second ? — Ana. 10° per 
second. 

1^06. A bullet is fired from a gun whose barrel is 30 inches 
long; describe its motion through the first 30 inches. — Ana. 
Its motion is accelerated, because it is acted upon by a contin- 
uous (not constant) force throughout this distance. 
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107- When a hmly is thrown horizontally into the air, why 
does it full to thu eartli ? WhiLt tffoot upoD the rapidity aud 
timo of falling has itii horizontal motion ? 

108- Suppose that a cubic centimeter of water at 4" C. to 
become frozen : (a) What will it weigh ? (b) What will be its 
^nass? Sup[K>se it to be susj>euded by a thretul ; {v) What U-u- 

ion in the thread will it produce, measured by the gravitation 
jystem? {(I) What, measured by the absolute system ? ^ ^hs, 

(a) Weighed by a balance-beam it wiU weigh one gram ; weighed 
by a spring balance it will depend upon the locality ; (b) its 
mass is one gram ; (o) the same tension that would be pro* 
diiced under the same cireumstanees if a standard gi'ani-mafis 
{usually of platinum) were suspended, and both would de[>end 
upon the locality; (d) measured by the absolute ey stein it 
would depend upon the locality : at sea level, in the latitude of 
Greenwich, it would be 981 dynea, 

109* Suppose that yuu take a cubic centimeter of water at 
4"* C< and allow it to freeze ; (a) How will its mass bo affected ? 
{b) W^hat IB its density before there is a chanjTG of temperature? 
(c) What, after it 18 fro^ten ? (d) How is its volume affected 
by the change?— ^^4?i5. (a) Its mass will not be changed; 

(b) its density is 1 j (c) its density will be less tlmn 1 ; (tZ) its 
volume will be inereoBed. 

110* In the metric system what is the density of a body? 
— Ans, It is the number of grams in a cubic centimeter, 

111. Given a solid, a vessel of water and a vessel of auoUier 
liquid, and a pair of balances ; state how you w^oukl fmd the 
specific gravity of the solid, the liquid, and the cubical contouto 
of the solid, 

112* State three methods of findirig the specific gravity of a 
liquid. 

113. Suggest an easy method of finding tho cubical contents 
of a test-tube. — Ans. Ascertain the weight of the watiT it 
contains, and the weight in grams equals its contents in cubic 
centimeters. 
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114. A pebble-stone weighs in air 20*^; immersed in water it 
weighs 15* ; immersed in another liquid it weighs 17*. What is 
the specific gravity of the latter liquid? What is the specific 
gravity of the stone? What is the cubical contents of the 
stone? 

115. What is heat? Give some proof of your statement. 

116. How will you explain the rush of air into the vacuum 
when an opening is made into an exhausted air-pump receiver? 

117. What is the difference between a hot body and a cold 
body? 

118. Why is the quantity of heat required to raise the tem- 
perature of a body of gas 1° very different when it is in an open 
vessel to what it is in a closed one ? — Ans. When gases are 
heated in an open vessel, they expand very rapidly, and a con- 
siderable portion of the heat is expended in changing their bulk ; 
in a closed vessel, the whole of the heat is spent in raising the 
temperature. 

119. Name several processes by which the temperature of a 
body may be lowered without removing heat from it? — Ans. 
Expansion, evaporation, and liquefaction. 

120. For what purpose is ice wrapped in flannels in the sum- 
mer ? — A71S, To exclude the heat. 

121. Let a kilogram of mercury lose one calorie ; how much 
will its temperature be lowered? 

122. How high must a body be raised that on falling it will 
generate enough heat to raise its own weight of water 1° C. ? — ^ 
Alls, Suppose the body weighs one pound ; then it must bo 
raised 772 x f = about 1390 ft. (See § 147, Physics.) 

123. How many kilograms of ice at 0° C. can be melted by 
1^ of steam at 100° C. ? — Ans, (537 -f 100) -^ 80 = 7.9^+ . 

124. How many kilograms of steam at 100° C. will melt 100^ 
of iceatO°C.? — ^ns. (100 x 80) -f- (537 + 100) = 12.5''+. 

125. What weight of steam at 100° C. would be required to 
raise 500^ of water from 0° C. to 10° C. ? 

Ans. (500 X 10) -^ (537 + 90) = 7.9^+. 
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12G, A current of 9 amperes worked on an dcctxic arc-light, 
and, on measuring tJie difference of |?c^teiitiiil between Uie two 
carbons by an electrometer, it was found to l>e MO volts. What 
was the amount of horse-power absorbed bv this himp? 

j^n^. — = l*C(5 horse'[K>wors* (See mlcX., p*C9*) 

127, How many incandescent lamps, requiring an E,M.F- 

of GO volts and a current of 1.5 amjt^res each, can be supplied 

by an engine giving 15 useful borse-fxiwersi the loss of energy 

in the dynamo being 20 per cent ? — Am* 80 per cent of 15 = 12, 

the horse -ix>wer of current available. From the tables, p. 76, 

1 horse-power = (about) 746 volt-amperes, 1 lamp requirea 

1^^ V Tic 
1-5 X GO ^ 90 volt^amp^rofl : therefore, ^ * = 100 lamps, 

very nearly. 

1 28, What amount of heat will be generated in each of the 

foregoing lamps per second ? 

Am* 0.00024 X (hS X 60) -^ 0.00216 calorie of heat. 
120. An electric bell is in circuit with a voltaic cell which will 
fnrnish a current juwt snttlcient to ring it. What will be ncccs- 
snry if ten such hells arc introduced into the circuit ? Why ? — - 
Ans, If a given current will ring one bell, it will riug auy num- 
ber of like bells. But a^a each bell introduced into the circuit 
inci'caaes the total resistance of the circuit, the E.M.F, must 
be correspondingly increased by the introduction of new cells in 
series, in order to maintain the same current. 

130, Why does it require more voltaic cells to work a long 
telegraph line than a short one ? How ought they to be con- 
nected ? Why ? 

13 1 . For each 50 ohms' resistance in a circuit, about 1 gravity* 
cell is refinirerl (ITaakins) , Suppose a line of wire 200 miles long 
(13 ohms* resistance to the mile), and 10 relays in the circuit ; 
(a) W^hat should be the theoretical resistance of each relay? 
(J}) How many gravity-ecUa wiU be required to operate them? — * 
AiM. {a) Disregarding the resistunco of the battery (ita resist- 
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fince in this cose being relatively of no importanoe), the re- 
sistatieo of the circuit ia 13x200 = 2000 ohms; hence, the 
reBiBtfincc of the relays sliould bo 2C00 ohmB, or 2(jO ohms in 
each relay- (6) The cDtire external resistance ia 2 GOO -\-2G00 
= r>200 ohms ■ 5200 -^ 50 = 104, the nmnber of cells requLred. 

132. Ten Bunsen ceiha, whose E.M.b\ = L7and r=0.5 
ohm, are to be uaed in a eircoit whose E^2 ohms : {a) What 
will be the cnrrent if they are connected abreast ? (6) What, if 
they are connected tandem? («) What, if they are joined in 
pairs abreast, and the paim are connected with one another 
tandem? (d) What, if they are divided into two groups of five 
caoh, the cells of each group connected abreast, and the two 
groups are connected tandem? 

Ans. (a) C = = ' — " ^ 0,82 ampere. 

= 2*41-h amperes, 

2*C-J- amptires. 
1.72+ amperes - 

133* The resistance of 5 inches of No. 32 platinum wire is 
about 0.05 ohm ; how would you connect 4 Bnnsen cells so as 
to develop in the wire the maximum tjuautity of heat ? 

Ar}^. -Vnr -s- U — Vi X 0.5 -^ 0.05 = G +. The iuterpretatioii 
of this is, tliat all should be connected! abreost- 

134* What is the maximum amount of heat that can he dc- 
vt^loped in the wire per second with the four cells ? 

Ans, G = — ^z: = ^— = 1 0.2 4- ami>eres< 

r-[~R OJ-25 + 0.05 ^ 

n=C^xExtX 0.00024 = 10.2=^ X 0-05 X 1 X 0.00024 

= 0.001248 calorie; 

or, sufncient heat can be developed to raise the t^^iapemture of 

1.248** of water l"" C. ijcr second. 



(a) 


C = 


m 


17 
S + 2 


(c) 


8.5 


0.25x5-1-2 


id) 


3.4 


0.1X1!+^ 
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135* Wiiat ciTTTent will there he when 10 gravity-cclU 
1[^E,M,F, = 1 volt eiich, and r = 3 ohms each) are connected in 
seriefi througli a wire whose resistance is 50 ohms ? 

E 10 

r -j- H m + 50 * 

13G. Show in the preceding qnestion that, with an infinite 
numher of celb in series, the current cannot possibly exceed 

Auii. Since the external resistance in this case will heconio 
of comparatively no importance, it may be disregarded; then 

-™ E 1 X infinity ^^ „ t \ 

C =— = — - — 0.34^ ampere, 

r 3 X infinity 

137- It is required to ring a bell over a Ko. 16 copper wire 
300 ft. lonpf, with three celk of Leclanch^ battery, the resist- 
ance of the wire being 0.0076 ohm per yard, and the resistance 
of a Leclanch^ cell being 1 ohm. What should be the' resist- 
ance of the bell magnet to obtain the greatest magnetic power ? 
^— Ans. 0.76 ohm (the resistance of 300 ft. of wire) + 3 ohms 
(the resistance of three cells) = 3.76 oh me. The resistance of 
the circuit, not including the helix of the electro-magnet, is, 
therefore, 3.7C ohms; hence (Law 1 of eh^ctro-magnets) , the 
resistance of the bell magnet should be 3wG ohms, 

138. What is the resistance of the carbon filament of an in- 
candescent light in which there is a fall of potential of 60 volts, 
ajid the intenaity of the current is l.G amperes? 

Am. i? = -- — = 374 ohms. 
C l.G ^ 

139* Explain the sparks seen at the circuit-brcaJter of an 
induction coil when in operation. — Ann. Tliej are sparks pro- 
duced by the extra cuirents at each " breaking " of the circuit. 

140, A line 2 miles long, built of No. 8 iron wii'e whose 
resistance is 13 ohms iier mile, has two bell magnets in cir- 
cuit, and a battery of 10 Jjeelanch^S cells (r of each= 1 ohm)- 
What should be the theoretical resistance of each bell mat^net? 



176 



TEST QUESTIONS. 



—Ans. Battery resistance 10 ohms -h line resistance 26 ohms 
== 3G obms. The sum of the resistances of the electro-magnctB 
should then be 3C ohms, or 18 obms each- But^ as there wonld 
Ix^ likely to T>e some leakage, praeticxilly the resistance of each 
magnet should bo some less than 1 S obms. 

141, For which is the gravity battery better adapted, circuita 
of small or large resistance ? Why ? — Ans. For ckcuits of 
large resistance, since the large resistance of the battery then 
becomes of comparatively little importance. 

142. You have 48 cells, each of 1-2 volt E.M.F., and each 
of 2 ohms' internal resistance. What is the best way of groap- 
ing them tc^ether when it is desired to send the strongest pos- 
sible current through a cu'cuit whose resistance is 12 olmaa? — 
Ans. Group them three abreast (See T^w ^^11., p. 69.) 

143» Iteqnired the current in a circuit with 60 Grove cells, 
connected in series with 12 ohms' external resistance; r^0,6 
ohm, and ^ — 1.8 volts for each cell. 

108 



Alls. 0=^- 



— 2,25 amperes. 



3G + 12 

144. Required the current in the same circuit when the ar- 
mngcment of the CO cells is 30 series of 2 cells joined abreast. 

54 



Ans. C=: 



: 2,5G + anip&res- 



9 + 12 

145. Required the current in a circuit, with the same 60 cells 
connected in series, when JJ = 2 ohms. *• 

Ans. C = — = 2.85 + amperes* 

36-1-2 * 

140. Required the current in the last circuit with the aiTange- 
ment of 12 cells in series, each consisting of 5 cells connected 

abreast, ^^^^ = ^1^:- 6,27 amperes, 

1.44 + 2 ' 

147, How many Bunscn cells (E.M.F., 1.7 volts per cell) 
will be required to maintain an electric arc-light^ whose resist- 
ance is 8 obms, with a current of 9 amperes ? 
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Ans. C=:|; or,JS: = Ci?=9x8=72voltB; 72+1.7 = 42+; 

hence, about 42 cells will be required. 

148. What is the cause of a current of electricity? — Ana. 
A difference of potential at different points in the conductor 
through which it flows. 

149. If two Bunsen ceUs are to be used in a circuit, with an 
external resistance of 2 ohms, should they be connected abreast 
or tandem ? If two gravity cells should be used in the same 
circuit, by which method should they be connected ? 

150. What E.M.F. is required to maintain a current of 20 
amperes in a circuit of 100 ohms' resistance ? 

Ans. C = ~; whence JS?=(7xi2 = 20x 100 = 2000 volts. 
H 

151. What current will a battery having an E.M.F. of 4 volts 
furnish in a circuit whose total resistance is 10 ohms? 

Ans, (7 = — = -— = 0.4 ampere. 

152. What is the total resistance of a circuit in which a bat- 
tery having an E.M.F. of 2 volts furnishes a current of 0.5 

ampere? ^^ C = ^ ; whence i? = ^ = -?-= 4 ohms. 

E O 0.5 

153. What is the most convenient test of the E.M.F. of an 
electrical machine?- — Ans. The length of the sparks which it 
will give. 

* 154. If a sounding body moves, how will its motion affect 
the wave-length of the waves which it throws behind? How 
will it affect those thrown in front? How will the pitch of the 
sound compare as heard by a person in front and another 
behind? 

155. When a voice an octave higher, such as that of a woman 
or boy, reproduces the same melody which has been sung by a 
man, we " hear again a part of what we have heard before." 
Explain. — Ans. A human voice conveys to the hearer not only 
the primes of the compound tones, but also their upper octaves. 
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and with less force the other upper overtones ; hence a voice an 
octave higher would produce the upper octave previously given 
by the man, or a " part " of what was previously given. 

156. What kind of vibration is that of a column of air in a 
pipe? — Ans. Longitudinal. 

157. The picture on a stereopticon slide is two inches square. 
The slide is ten inches from the lens of a porte lumi^re. What 
will be the size of the image on the screen at a distance of 

30 ft. ?—An8. ^= |, or ^ = I ; whence «= 72 in. = 6 ft., 

I.e., the image is 6 ft. square. 

158. What is the focal length of the lens used in the last 
question? 

Arts. 1 + 1 = 1, or -^ + i- = i; whence /= 9.7 + in. 

% J ooU lU / 

159. At what temperature does a body cease to radiate heat 
and light? — Arts. It ceases to radiate heat at the absolute 
zero ; light at about 525° C. 

160. What phenomenon shows that light does, in a small 
degree, pass around a comer? — Ans, Diffraction. 

161. Why does a white body always appear of the same 
color as t^e light by which it is illuminated? 

162. What proof can you give that the light of the electric 
spark does not proceed from an incandescent electric fluid (if 
there be such a substance) nor any etherial medium which is 
supposed to pervade all space ? — Ans, Every line found in the 
spectrum of the light proceeding from the electric spark can be 
traced to some chemical substance existing either in the elec- 
trodes or in the space through which the electricity passes, and 
there are none that are common to all discharges, as would be 
the case if a common medium were rendered luminous. 

163. A gas-burner must have what candle-power in order that 
it may illuminate a printed page as brightly at a distance of 5 ft. 
as a single candle at a distance of 1 ft.? — Ans, 25 candle- 
power. 
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164. How does one color differ from another color? 

165. How do you explain the separation of colors when white 
light i)asses through an optical prism ? 

166. What is the general effect of a concave mirror on a 
beam of light? Name some other piece of optical apparatus 
that will produce the same effect. 

167. Why is the image of a light as seen in water usually 
enormously elongated vertically ? 

168. Why is the same side of the moon always turned toward 
the earth? Does the moon rotate on its axis? 



Paet Y. 

SOLUTIONS TO PROBLEMS IN ELEMENTS 
OP PHYSICS. 



CHAPTER IL 
DYNAMICS. 

Page 52. Q. 4. 76 : 49.2 :: 1033.3 : 668.92«+. 

Q. 5. 76 : 98.2 :: 1038.3 : 1335.13« + . 
Page 60. Q. 8. Any weight less than 10^ may be lifted. 

Page 68. Q. 3. The pressure on the top is nothing ; on 
the bottom it is 25 x 20x 15«= 7500«; on each of the sides it 
is 25 X 15 X 7.5« = 2812.5«; and on the ends, 20 X 15 x 7.5« 
= 2250«. 

Q. 4. The additional pressure will be 100« for every 4'**" of 
area on the inner surface. The area of the bottom is 500**"" ; 
the additional pressure is, therefore, 

— Xl00« = 12,500«. 
4 

This, also, is evidently the pressure on the top. The additional 

pressure on each of the sides is 

375 



^ XlOO« = 9375«; 
4 



and on each of the ends, 
300 



XlOO« = 75008. 
4 
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Page 69* Q. 5, The total prGsaure od the bottoQi ia 7500* 
+ 12,500*= 20,000^; ttiat on tUo top, 12,500b ; on each side, 
12,187.5«; an eaoli eud, Lh7r>0^ 

Q, 6, The anj9wer& to Q, 3 wonkl be 13.6 times greater: 
viz., 102,000* ou the bottom ; 38,250* on each Bide, and 30,600* 
<ni each end. 

In cx>nflidering Q, i, it makes no difference wliether mercniy 
or water h used. In the case of mercnry^ llic total pressure on 
the bottcmi is evidently 102,000*+ 12.500*= lU, 500'* ; on the 
top, 12,500*; ou each side, 38,250* + 9375* — 47,C25*; and on 
eaeh end, 30. COO* -h 7500^ = 38,10Qb, 

Q. 7. (h) The pressure on the bottom of tlio keg, when the 
tube is empty, \& evidently 1200*. (b) If the tube be filled, 
the eohimn of water will he 1030™* high, instead of 30^"" ; there- 
fore the pi^easure on the bottom is 40 x 1030 = 41,200*. (^) The 
weight of the water in the tube is evidently 1000*, 

Q. 8. Assutniug, for simplieity. that all parts of the hos are 
at equal deptha, the cnialiing foree ou each side would be equnl 
to the weight of a column of water 1^"^ high, witii a base of l"*™ ; 
tiie volume of this is 1000*^^^", and its weight 1,000,000^ 

Q. !>. Takiug tlic atnioaphene preBsnre at 1^ per square 
centimeter, the crushing foi-ee at the sea level, on each sid^, 
would be 10,000^- 

Q. 10. Since the whole area of the top is 500^™, a pressure 
of 20* ou the plug would make a total press u re of 

— K 20* = 2500* ; 

4: 

but, by the eoudi lions of the problem, the top can sustain 50* 
on each 10^™, or 2500* total; therefore, it is dear that any 
pressure on the plug greater thau 20* would burst the vesseL 

Page 84. Q. 1. 1033.3 ^ 1.R41 = 5GL27*™ 4-- 
Q. 2. The 50* of water when immeraed in water is evidently 
buoyed up with a force of 50*j and no weight is iudlijated. 
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Q. 3. The combined solids displace 102.88~. The sinker 
aloue displaces 14« ; 102.88«^ - 14** = 88.88** ; hence, 

W, 88.88 ^ 

Q. 4. The weight of the water displaced, or the buoyant 
force when the oil is completely immersed, is greater than the 
weight of the oil ; we have, then, two aneqaal forces in opposite 
directions, and the oil rises until the weight of the water dis- 
placed just equals the weight of the oil. 

Q. 5. In the case of a floating tumbler, it will be noticed 
that by far the larger part of the water displaced is displaced 
not by the glass simply, but by the air in the bottom of the 
tumbler, and the average densky of the combination of air and 
glass is less than the density of water, so the tumbler floats. 

Q. 6. Iron vessels float for the same reason that the tumbler 
does. 

Q. 7. From the table of specific gravities, we find that 1*** of 
ioe weighs 0.92«, then 500** weigh 460« ; 460« or 460** of water 
will be displaced, so that 500** — 460**, or 40**, of ice will be 
itbove the surface. 

Q. 8. Ice will sink in alcohol, since its specific gravity is 
greater than that of alcohol. 

Q. 9. The weight of 500** of fresh water is 500«, that of 
500** of isea water is 500 x 1.026« = 513«, making 13« more 
matter in the sea water than in the fresh water. 

Q. 10. ^2M= 2582.64**+. 
^ 19.36 

Q. 11. 19.36* per cubic centimeter. 

Q. 12. 0.24* per cubic centimeter. 

Q. 13. yfg* (0.0012932«) per cubic centimeter. 

Q. 14. The 53« lost weight is the weight of an equal bulk of 

water, so the volume of the marble is 53**. 
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Q. 16. 



0.0012932 



= 773.27~+. 



Page 85. Q. 17. Q =^, or 8.79 = ^ ; 



1000 



TT' 



W 



.•, TF'=—— = 113.76« = weight of an equal bulk of water. 
0.79 

The piece of copper, therefore, weighs in water 1000»— 113. 76« 

= 886.24«. 

Q. 18. The cubical contents is 20 x 10 x 5«" = 1000« ; there- 
fore the weight is 1000 x 11.35 = 11, 350«. 

Q. 19. It will lose the weight of an equal bulk of water, 
viz., 1000* ; thus weighing, when immersed, 10,350*. 

Q. 20. Lead will float on the surface of mercury. 

Q. 21. The weight that is lost is transferred to the liquid. 
(See Exp. 2, p. 76.) 

1015 



Q. 22. 



1000 



= 1.015. 



Q. 23. F=^=-i^ = 88.10«'+ ; the weight of an equal 

volume of air is 88.1 X 0.0012932« = 0.11393092«-f = the weight 
gained by weighing in a vacuum; therefore, the weight in a 
vacuum is 1000.11393092«-f-. 

Q. 24. The specific gravity of the other liquid is 

§2^:1^7 = 2 = 0.75. 

30-26 4 
Q. 25. G^ = ^„orTr' = ^=^ = 14.32«+ = the weight 

supported by the water ; 150« — 14.32«= 135.68«-f, the weight 
supported by the string. 

Q. 26. The weight of the boat is evidently the weight of 
25*^^"* of water, or 25,000^. 

Q. 27. It would displace 50^ of water more, viz., 25,050^. 
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Q. 28. 10(y^ of water weighs 100,000^ ; the boat alone 
weighs 25,000'' ; therefore, it will take 75,000^ to sink the rail 
to the water-level. 



Q. 29. 



105.928-100 5.928 



= 2.47. 



102.4 -100 2.4 
Q. 30. 1* of water weighs 1000« ; the density of alcohol is 
0.8 ; therefore, 1' of alcohol weighs 800^. 

Q. 32. F=^=-^ = 56.33"+. 
JJ 1.42 

Q. 33. Tr= FX Z) = 35 X 0.847 = 29.645«. 

Q. 34. Each square centimeter must be able to sustain the 
weight of a column of water 2000«" high, or 2000« = 2*' per 
square centimeter. 

Q. 35. The bottom sustains 2500 x 50 = 125,000«= 125'^; 
each side sustains one-half of this, viz., 62.5^. 

Q. 36. It will sink a little way, for the buoyant effect of the 
air on the part not immersed in the liquid will be removed. 

Page 96. Q. 1. Let x represent the distance from the boy 
that the weight should be placed, 

a? : 3 — a? :: 30 : 20 ; whence, x = 1.8". 

Q. 2. 40 : 260 :: 50 — a? : a? ; or, a? = 43.33^+ = weight sup- 
ported by the man ; so the boy's load is 6.66''+. 

Q. 3. Half a mile down the stream. 

Q. 4. iV2 miles. 

Q. 5. Half an hour. 

Q. 6. i V2 X 10 = 5 V2 miles per hour. 

PAGB107. Q. 1. AS = i(7!r = ix9.8™x25 = 122.5~ 

= i X 32^ ft. X 25 = 402.08 + ft. 
Q. 2. « = i(7(2r-l) = ^x9.8"»x9 = 44.1"» 

= i X 321- ft. X 9 = 144.74 + ft. 



im 



soLrrioxs to rttoBusna. 



Q. 


3. 


Q. 


4. 


Q. 


5. 


Q. 


6. 


Q. 


7. 


Q- 


8. 



r=^r=9.8-x5 = 49.(r = 32J ftx5=lC0.83+ft. 

S==igT* = ix 9.8-x 40 = 240.1- = J x 32^ ft X 49 
= 788.08 + ft. 

5 = i itr* = 500- X 3CC0 = 1 ,800,000- 

«1640.42 ft* X 3600 = 5,905,512 + ft 

r^ik X 2r==500-X 60 = 30,000- per minute 

=s 1640.42 ft X 60 = 98,425.2 ft per mionte. 

« = iik(2r-l)=500-x 117 = 58,500- 
= 1640.42 ft X 117= 191,929.14 + ft 

5=ri^•^* = 2-xl6 = 32-=6.56+ftxl6 = 104.96ft 
from a point directly noder that from which it started. 

Q. 9. r=iA:x2r=2-x8 = 16- = 6.56fl.x8 = 52.48ft. 

per second. 
Q. 10. r= gT = 9.8- x 4 = 39.2- = 32^ x 4 = 128.66 + ft. 

per second. 
Q. 11. r=^r= 9.8- X 3 = 29.4- = 32| X 3 = 96.5 ft per 

second. 
Q. 12. It will rise in the first second as far as it would fall in 
the third. 

« = i5r(2r-l) = ix9.8-x5=24.5-=ix32|ftx5 

= 80.41 + ft 

Page 111. Q. 1. They wonld vibrate in equal time, since 
the accelerative effect of gravity on all bodies is the same at the 
same place, 

Q. 2. 1 : i :: VoT903 : Vx, or a; = 0.248- 

= the length of a pendulum beating half-seconds. 

1 : i :: VOTOOS ; Vx, or aj= 0.062- 

s=s length of one beating quarter-seconds. 

1: 2 :: VO.993 : Vx, or aj = 3.972- 

= length of one beating once in two seconds. 

• lfOOtai0.8048n. 
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1 : 30 :: VO.993 : VS, or a;= 893.7" 

=s length of one beating once in thirty seconds or 
twice each minute. 

Q. 3. 1 : — :: VO.993 : VoA where both lengths are ex- 
pressed in meters, and x is the required number. 

Pagb 116. Q. 1. Momentum » mass x velocity c= 100,000 
X J^ = 16,666.66 + for the car, where the mass is expressed in 
pounds and the velocity in feet per second. The momentum of 
the ice =s 500 x 96.5 = 48,250 ; so the momentum of the ice is 
neaiiy three times that of the car. 

Q. 3. 25 a? = 80 X 10 =800 ; therefore x = 32^ per hour. 

Q. 4. To double the momentum with a constant mass, the 
velocity must be doubled ; to double the velocity the time must 
be doubled ; but, by doubling the time a body is falling, the 
space is increased four-fold. 

Page 130. Q. 5. The work=80 x 4 X 60= 19,200»<™ per hour. 

Q. 6. (a) Falling freely for 4 seconds, a body would fall 
through a space S=iigT^, or 4.9x16== 78.4°>; therefore, in 
order that a body weighing 50* may rise 78.4°*, energy equal to 
0.05 X 78.4, or 3.92*«", must be imparted to it. 

{b) Here /S = 4.9 x 25 == 122.5™, and the energy will be 0.05 
X 122.5 or 6.125^^ = ff of 3.92^«™; t.e., the energy required 
to cause a body to rise 5 seconds is |4 ^^ ^^^ required to cause 
it to rise 4 seconds. 

(c) The reason of this is that the initial velocity necessary to 
enable a body to rise 5 seconds is ^ of that which would enable 
it to rise 4 seconds, and the energy increases as the square of 
the velocity. 

Q. 7. Since the momentum of any moving body is propor- 
tional to the velocity ; and since, in falling bodies, the velocity 
varies as the time, it follows that the momentum in the case (6) 
above is f of that in (a) . 
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Q. 8. Since the energy = weight into hight (Ws) , the energy 
stored in 50"^ SO"" high is 50 X 80 = 4000^«™. 

Q. 9. Energy = ^^ = 50x100" ^ 25,510.20^+. 
^ ^-^ 2g 2x9.8 

Q. 10. S = igT* = 4.9 X 16 = 78.4" ; 

enei-gy = TT/S = 50 x 78.4 = 3920^. 

Q. 11. If the 50^ should fall in air, a part of its energy 

would be transformed into heat. 

^ ^^ 2g 2x9.8 

Q. 13. During the ascent its energy is expended in doing 
work by lifting the 25^ to a hight against the force of gravity. 

Q. 14. (a) Momentum =:MV=: 50 x 2 = 100 ; again, for the 
50*, with a velocity of 100™ per second, we have : momen- 
tum =-Sf F=0.05 X 100 = 5 ; therefore 50^ moving 2™ per second 
has 20 times the momentum of 50* moving 100"* per second. 

(b) Energy =J^=^QX('^)^ =.10.204^; 
^ ^ 2^ 2x9.8 ' 

MV^ 0.05 X (100)2 
agam, energy = — — = — ^^^^ ^ = 25.51^ ; 

*.€., the energy in tlie second case is f of that in the first. 

Q. 15. Energj* is the power of doing work; work is the 
overcoming of resistance through space; therefore it is its 
energy that enables one to determine the amount of resistance 
that a moving body can overcome. 

Q. 16. A child can draw a carriage weighing 150^ because 
the energy required to overcome the resistance offered by the 
revolving wheels is much less than that required to raise 30^ 
against the force of gravity. 

Q. 17. (a) The work of the horse is equivalent to that of 
raising 40^ 100" per minute = 4000^**" per minute. 

(6) Since 1 horse-power = 4570^*^ per minute, 4000**" per 

minute = ^^ h.p. = 0.87+h.p. 
4570 ^ ^ 
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Q. 18. 3^™ per hour = 50" per minute ; the power required 

to move 70^ 50" per minute is 3500*'«°* per minute = b.p. 

^ ^ 4570 ^ 

= 0.76 + h.p. 

Q. 19. 5" per hour = fy" per minute ; to raise 1,350,000^ ^" 
will require ^^ of 1,350,000^«" of work per minute = 112,500^«" 

112500 , ^ OA «i _. I. ,. 
= ^570"^-P-=^^-^^-^^-P- 

Q. 20. 10 tons = 20,000 lbs. ; a 3 h.p. engine will raise 
99,000 lbs. 1 ft. in 1 minute, or -^ of 99,000 = 1980 lbs. 50 ft. 
in 1 minute ; therefore, to raise 20,000 lbs. 50 ft., it will take 

?522?= 10.10 + minutes. 
1980 

Q. 21. A 2 h.p. engine will raise 2x4570^ = 9140*^ 1" per 
minute; in 10 seconds the same engine will raise ^x9140'' 
= 1523^^ 1" ; therefore, in the same time it will raise lOOO"" 

i^?^= 1.523"+. 
1000 

Q. 22. A 5 h.p. engine can do 5 X 4570**" of work per min- 
ute, or 60 X 5 X 4570^«" = 1,371,000^*" per hour. 

Q.23. mm=U.2S+6^ys. 
^ 90000 '^ 

Q. 24. The energy increases as the square of the velocity ; 
therefore, to increase the energy four-fold, the velocity must 
be doubled. 

Page 135. Q. 1. (a) Since the power, multiplied by the 
distance through which it moves, must equal the weight multi- 
plied by its distance, it is clear that the 10^ will be moved with 
a velocity of 2" per second. 

(b) 1^ = 0.4" per second. 

Q. 2. Pp^Ww; .-. 50x100 = 2TF; or TF=2500\ The 
advantage would be one of convenience, since a small power 
moving through a considerable distance can move a very great 
weight through a short distance. In common parlance we should 
say that "power" is gained. 
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Q. 



p rr p 4 p 

6. "7^=-, or -=i^ ^ 



. p := 50"", i.e. , the prop must 



be 50*** from the power end. The pressure on the prop will be, 
clearly, 2 + 4 = 6^ added to the weight of the lever. 

Q. 9. Suppose the prop to be :i(!^ from the end from which 
h^ are suspended, then 5aj == 20 (70 — a;) , or a; = 56*". 

Q. 11. 3Tr=15xl, or Tr=:5 1bs. 

Page 136. Q. 12. 6 x 3 = 1 x a;, or the number of spaces of 
P from the fulcrum is 18. 

Q. 13. The power multiplied by its distance must equal the 
weight multiplied by its distance, t.e., 240P= CO x 40, or P= 10. 

Q. 14. 10"= 1000^; since the circumference of the axle 
= 60«", it will take -^^= 16| turns to raise the bucket from 
the cavity. The power at each turn travels 240^ ; therefore, 
the whole distance that the power must travel is 16|x240*^ 
= 4000"" =40". 



Q. 15. 



(a) 5=^, 



(h) Again, f^ = f ; 



W 



or-5^=M; .•.ir= 9 lbs. 
1 4 



TF'= 45 lbs. 



(c) Again,-— = 



•.Tr"=225 1b8. 



.40. 
45 ' 8 ' 

(d) TT" X its velocity = P X its velocity; .•. P's velocity would 
be 225x5 ft. = 1125 ft. per second. 

Q. 16. The action of the wheel and axle is the same as that 
of a lever of which the fulcrum is at the centre of the axle ; 
P __ radius of axle , 
* ' W radius of wheel ' 
if the axle is a pinion, and the wheel has teeth by which it is 
turned by another wheel, then, since the circumferences are to 



each other as theii* radii, — > 






where ^s=the number of 



teeth on the wheel, and JV' = the number on the axle. 
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Q. 17. Applying the same principle tliat we have used so 

W p 
often, we have ---=—, where w and to mean vertical distances. 
P w 

lu the case of the inclined plane, pssL and w^U\ therefore, 
the general formula l)ecomes -r; = t^.* 



Q.18. l-^: 



•.?^.^,.rP.S.lb,. 



Q. 19. As in the case of all simple machines, so in the screw 
Pp = Trio, I.e., 25xl47r = ^TF; whence, TF, or the pressure 
beneath the screw, is 4398.24 lbs. We have supposed here 
that the parts move without friction. 

Page 137. Q. 20. Here P moves through 10«", and W 
through 100 — 98 = 2*^"; therefore, a force of 80« applied iu 
tlie direction cd will exeit a lateral pressure of -^ x 80« = 400«. 



CHAPTER HI. 

HEAT. ♦ 

Page 148. Q. 4. The cubical contents of the room is 3 x 3 

X2.5™=22.5«*»"=:22,500«^; since each person breathes 9^ 

22500 
of ak per minute, two persons will be supplied — *- — minutes 

18 

= 1250 minutes s= 20f hoiurs. 

Q. 5. For 1000 persons 1000*^^*" of fresh air is needed to 
keep the whole mass from becoming vitiated ; the room contains 
(35 X 18 X 7*^*^) = 4410''*'™ ; therefore a complete change once in 
4.41 minutes is necessary. 

Page 153. Q. 1. Since 1^ C. == f of 1^ F., 80* C. = | of 
80* F. = 144° F. 

Q. 2. Since 1* F. = | of 1° C, 30° F. = | of 30* C.=:16f C. 
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Q. 5. 



32° 
90° 
77° 
20° 
10° 
Page 156. 



-20°C 


. = • 


- 4°F. 


-40° 


= • 


-40' 


80° 


=r 


170' 


150° 


= 


302° 


- 10° F, 


.^. 


-23i»C. 


-20° 


= . 


-28|<' 


-40° 


= . 


-40° 


40° 


= 


4f 


59° 


= 


15° 


329° 


= 


165° 



Q. 3. (a) The temperature of the room, after the fall, was 
clearly 68°- 30°= 38° F. 

(6) C.=f (F.-32) = |(68°-32°)==20°C. before the f aU ; 
and I (38° -32°) = 3^° C. after. 
Page 154. Q. 4. | C. + 32 = F. ; 
.-.. 100°C.= 212°F. 
40° =104° 
56° = 132|° 
60° = 140° 
0° = 32° 
f(F.-32) = C.; 
212° F.= 100° C. 
= 0° 
= 32|° 
= 25° 
= - 6|° 
= -12|° 
Q. 1. Absolute tempei*ature equals 
C.+ 273°=F. + 460°; 
therefore, mercury boils at 

(350°+ 273°) C. = 623° C, 
or (662°+ 460°) F.= 1122° F. 

Mercury freezes at (-38.8°+ 273°) C.= 234.2° C, 
or (-37.8°+ 460°) F.= 422.2° F.= abs. temp. 

Q. 2. (a) The increase in volume will be 
^ of 500=137.36«'+; 
therefore, the total volume at 75° C.= 637.36~+. 
(b) In this case the decrease will be 
•5%of 500« = 36.63«'+, 
so that the final volume will be 

(500 - 36.63«'+) = 463.37^^+. 
Page 157. Q. 4. 30° C.= 303° absolute tc^raperature, and 
-15° C.= 258° absolute temperature ; 1^ = 1000«^ ; 
.-. 303 : 258 :: 1000 : 851.48«'+. 
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Q. 5. Calling the pressure of one atmosphere 1000*^ per 
square centimeter, we have the proportion 

900: 1000:: 1000: 1111^« 

Q. 7. 1000 X 1 : 1 X 200 :: 273 : 64.6** absolute temperature, 
or - 218.4*' C. 



Boiling Pblattf* 

Carbonic iveid 196° C. 

Amnjonia . , . 233*" 

Sulphurous ttcid 2d3° 

Ether S08^ 

Carbon bisulpijide 321° 

Alcohot.,. 351° 

Water 373^ 

Mercurj^ 623° 



Alcohol ...,,,,,,,.., Always liquid 

KertsTuy _ 234.2^ C 

Sulphuric acid 238.0'' 

Ice 273° 

Pho^phorns 317" 

Sulphur 3S8° 

Tin about 506° 

I>ad 007** 

Zinc 608° 

surer- , 1273° 

Gold... 1473^^ 

Cast'iroii 1323-1523° 

WroughMron 1773-1873*' 

Indium 2223° 

Q. 9- When the barometer is at 30 in., the presBtire is 
15 lbs- per square inch ; and when it ia at 29 in., the pressure 
is |J7 of 15 lbs* =: 14,5 lbs, per sqnare inch. 

32^ F. = 492^ F. absolute temperature ; 68'' F.= 528^ F. abso- 
lute temperature ; hence, we may write the compound propor- 
tion 



528 
15 

Page 173. Q. 1. 



1 



_L ; _L- lbs. 



25 27,7 
To conv*rt 1^ of ice at 0^ 



492 
14,5 



C, into water 



at 0^*0- requires 80 caloHes ; to raise it to the lioilmg point 
requires 100 calories more, and to change tliia water into steam, 
537 calories arc necessary. The total heat that disappears in 
the change is, the re fore s 80H-100-|-537 = 717 calories for each 
kilo, i.e,, 71,700 calories for 100^. 

Q» 2, (a) In condensing 1000*^ of steam at 100^ C. into 
liquid at 100" C, 1000 x 537 =- 537,000 calories are liberated ; 
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in falling from 100*' C. to 80° C, the heat given off is evidently 
1000x20 = 20,000 calories, making a total of 557,000 calories 
given out to the building. 

(b) 1^ of water requires 100 calories to raise it from 0® C. to 
100° C. ; with 557,000 calories, then, we can raise 5570^ to the 
same temi^erature. 

Q. 3. 50^ of water at 100° C. can impart 5000 calories to the 
ice ; to melt 1^ of ice at 0° C. takes 80 calories ; the amount of 
ice that may be melted is, then, ^%^^ = 62.5'' = 137.73 + lbs. 

Q. 4. 0.504 X 10 + 80 + 10 = 95.04 calories. 

Q. 5. (a) When the water is at the boiling point, 100° C-, 
100 calories have been used for each kilo; the ice has been 
converted into water at 20° C, (b) each kilo having consumed 
80 calories in melting. 

Q. 7. If we call the resulting temperatm-e 2'°, following the 
experiment with the sheet lead, we have the equation : — 

T 

— = specific heat of iron =0.1138 ; 

100 — r ^ 

or 1.1138 r= 11.38 ; whence T= 10.21°+ C. 

Q. 8. ■^= specific heat= 0.0526 + . 

Q. 9. 50^ of water at 80° could transmit 4000 calories ; but 
the specific heat of mercury is 0.0333 ; therefore 50^ of mercury 
at 80° can transmit only 0.0333 of 4000 = 133.2 calories. Hence 
133.2 -i- 80 =1.665\ 



CHAPXfiR IV. 
ELECTRICITY AND MAGNETISM. 

Page 204. Q. 1. From the table (p. 203) we see that the 

ratio of the relative resistances of iron and copper is — — 

^^ 1.06 

= 6.09+ ; .'. 6.09 + miles of copper wire offere the same resist- 
i-uco nil one mile of iron wire of the same size. 
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Q. 3. By referring again to the table, it is seen that by the 
addition of the acid the conductivity is made aljout 6000 times 
greater. 

Q. 4. ?999^ = 1,886,792.45+ times. 
1.06 

Q. 5. Employ plates of large surface, and place them near 
together. 

Q. 6. i2 = 9.72x^ = 24.7+ ohms. 
14* 

Q. 7. l = 9.72x^; .-. / = 3.7+ ft- 



Q. 8. iJ= 127.3x^ = 31.1+ ohms. 
14* 

Q. 9. i2 = 59.1x^=10.1+ ohms. 
\4b^ 



Page 207. 
Q. 1. C = 



E 



1 



E+r 10+2 



Q. 2. = 

Q. 3. = 

Page 209. 
Q. 1. = 



E 



1 



B+r 3+3 

li+r 3+3 
E 10 



= -^ ampere. 
= i ampere. 
= 0.325 ami>^re. 



E-hr 200 + (0.5x10) 



= 0.048+ ampere. 



Page 210. 
Q. 2. = 



E 



40x1.95 



i?+r (1500 + 100) + (0.5 x 40) 
= 0.048+ ampere. 

Q. 3. ^= A- = 59.1x^^=11.4+ ohms: 
dr 165* 

E E 

O = - ; or, 0.02 = , , , ^^ ^ ; whence 
li 0.0 + 11.4 

^=0.238+ volts; 

therefore less than one cell would be sufficient. 
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Q. 4. Arranged in multiple arc, 
1 210 



-^+10 
210 

arranged in series, 

210 



2103 



= 0.099+ ampere; 



0= 



= 0.32+ amperes, 



(3x210) +10 
showing that the latter arrangement is preferable. 



Q. 6 
the current C 



In this case the current C= 
E 



lOE 



; with one cell 



10r+i2 
It is clear, then, that if E is very small, 



the current of one cell is about as strong as that of ten, and the 
consumption in the other nine is waste. 
20 



Q. 6. 0= 



20x3 



+ 120 



= 0.133+ ampere. 



Q. 7. We may have any arrangement in which the number 
of series multiplied by the number of cells in each series equals 
30 ; €,g.^ 3 rows of 10 cells each ; 5 of 6 each, etc. Suppose, 
first, that the whole 30 are connected in series ; then, 

(a) C = ^ = 0.882 + ampere ; 

^ ^ (0.8x30) +10 ^ ' 

if the cells are joined in 2 series of 15 cells each, 

15 



(&) 



0= 



0.8x15 
2 



-10 



= 0.937+ ampere; 



if in 3 series of 10 cells each, 
10 



(0) 



C= 



0.8X10 



fio 



= 0.789+ ampere. 



It is easily seen that with ^ = 10 ohms, the arrangement (6) 
is best. 
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(a) 
(6) 



Let as take jR = 80 ohms : 
30 



(7 = 



(0.8x30) + 30 
15 



= 0.555+ ampere; 



0.8x15 



(7= 



2 

10 



f30 



= 0.416+ ampere; 



0.8x10 



fSO 



: 0.306+ ampere. 



In this ease the arrangement (a) gives the largest value of C. 

In general, the best manner of grouping a given number of 
cells, in order to give the strongest possible current through a 
given external conductor, is that by which the internal and 
external resistances are as nearly equal as possible. 

Applying this to the example above, we see that the internal 
resistances (r) in the three arrangements are 24 ohms, 6 ohms, 
and 2f ohms; and we found that rs=6 gave the best result 
when 72=10; and that r=24 gives the best result when 
B = 30, both of which agree with the principle given above. 



CHAPTER V. 

SOUND. 

Page 285. Q. 3. Since the velocity of sound in gases is 
inversely proportional to the square root of their densities, the 
densities will be inversely proportional to the squares of the 
velocities; i.e., 

density of carbonic acid : density of air : 331* :: 262* ; 

or, the density of carbonic acid is 1.596+ times that of air. 
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Page 293. Q. 1. A fork vibrating 256 times per second 
produces wave-lengths twice as long as those produced by a 
fork vibrating 512 times per second. 

Q. 2. Wave-length = 4 times the length of the resonance 

tube, or 4 X 22.26«» = 89.04«» = 0.8904°». The velocity at 16** C. 

342 

is 342" per second; therefore 0.8904 = ; ; , 

number of vibrations 
342 



whence the required number is "^^^ = 384.09+ vibrations. 
^ 0.8904 

Q. 3. Wave-length = — = 0.89»+ = 89«». 

Page 301. Q. 1. The vibration number of (7" is 528 ; 



that of 2>"=: f 

" E^^ = I 

'* .4"= I 



of 528 = 



594 
660 
704 
792 
880 
990 



Q. 2. 

132 = 66 



'' (7"= 2 times 528 = 1056 
The vibration number of (7_i is ^ that of = ^ of 



Q. 3. Wave-length = 



342 



number of vibrations 

.-. wave-length of (7 = ff| = 1.29">+ 
u u u i>' = 1^ = 1.15-+ 
" u u ^i==||^=i.03»+ 

" " " 2?^ = Iff = 0.97°^+ 

«« '' '' (^/ = 1^=0.86™+ 

« 44 44 ^r^ 11^^0.77""+ 

« • u 4. 5' = 111 = 0.69™+ 

44 44 u^T^/^ III =,0.64-+ 

Q. 4. The whole wave-length of O we have found to be 
129*" ; therefore, the length of the resonance tube is \ of 129*^™ 
= 32.25°». 
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Page 304. Q. 3. It is evident, from the table of Fig. 21G, 
page 300, that the F string is f as long as the C string. 

Page 308. Q. 1. If (7 and G are sonnded simultaneously, 
there will result for 

C, 1, 2, 3, 4, 5, 6, 7, 8, etc. \ .. ,, v - -u 

0\ t, 3, I, 6, 9, ete. }*"°^^ ^^ "^^^^ ^^ ^*^''^- 

tions made by the fundamental of C From this arrangement, 
we see that the second overtone of C harmonizes with the first 
of G ; the fifth of C with the third of G^ etc. 

Q. 2. The notes with their vibration ratios are as follows : — 
ODEFGABO 
1 * I * f * ¥ 2 

G)upling C with each of the following, the ratios of their 
respective vibration numbers are as f oUows : — 

8:9, 4:5, 3:4, 2:3, 3:5, 8 : 15, 1:2; 
arranging these on the required principle, we have first, 0(1: 1) ; 

then 

(7(1:2); G^ (2: 3) ; JF' (3 : 4) ; ^ (3 : 5) ; 
E (4:5); 2>(8:9); J5(8: 15). 



CHAPTER VI. 
LIGHT. 

Page 335. Q. 1. A wall of each of the rooms would receive 
the same quantity of light ; viz., | of the total amount. 

Q. 2. A wall of the first room contains 100 sq. ft., one of 
the third, 900 sq. ft. ; since each wall receives the same total 
quantity of light, it is clear that the larger one receives only \ 
as much as the small one per square foot. 



Page 354. Q. 2. (a) The required relative index equals 
absolute index of diamond 2.5 



absolute index of water 1.33 



= 1.87+. 



(6) Tlie relative index equals ' — = 0.75+. 
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Q. 3. We may look upon the shadow as a pyramid of which i 

the light is the apex and the boards right sections ; now, the ^1 

area of such a section varies as the square of its distance from ' 

the apex ; the ratio of the distances is 1 : 3 ; the ratio of Hie ^ 

areas is, therefore, 1:9. ^ 

If the board is withdrawn, the light, intercepted before, will a 
illuminate 900'»'"" of the screen. 

Q. 4. The reason for the law of inverse squares is involved ^ 

in tl^e answer to the first part of Q. 3 above. , 

Q. 6. The ratio of the distances is 1 : 4 ; by the application 
of the laws of Inverse Squares, the r&tio of the intensities at 

equal distances will be 1 : 16, i.e., the gas flame may be said to ^ 

have 16 candle-power. . 



«■« 



an oppottuaity, to supplement and illustfate^eacli other,' — a tiiost \ 
natural and prolifi^bfe n>ethod of treatment.* He htf3\*a<;tually* 
demonstrate^ Uie ^ractjcability df this plali in his'6wn.*^ciasses' 
thrdjigh a^ number of yet^rs, and feis moreovef p»v.ed that this , 
dudy thus tfeated.begets within t^^ student hknself a./pje^ if9r , 
his ^ork, ^hich is, a& all practical educators knovv, One'of.flie * 
teactiers ttiost^pot^H allies. »' \ ", \. ^\^ 

'\ Jii »e!^tit)g the Material to* be placed before .the:^"studfept» 
noUiing fundamentally essential fias,^en onlittcd feecatiSfe ef jjts l^' 
diflSK^ufioess ; on th^ other kaf^, better metliods^ pre§^ptatidti '' 
"h%^ be^n sought %, andattlie same;, time the ^woijj: is confi'\jfd' ' 
to su'di limits that it may be accQmpHsljed^inibne scliopl^eah^ ' 
^1^ 'te descriptive i^d" ^jg^litatiVfe .woik -are n^ separated^ but ' 
\sb jAtifnately ble.UdednlirpbgUpu%-that, the stinfent ddes nqj • 
realize yfyj^. eittiei; ^anclj beguis or er»ds, but on t^lie coBiftliry, 
. comes to j^egard his wOark as an^ha^-momous and ;logic^^ cotof 
netted \Vhole. '."'.- *" ,1 - , > .! 

,Each ^lemen,t and compot^d 16 treated in flie , following , 

. natural nmnnex : — • 'v' * *' ^. 

' • . - ' * - ■ 

^ . I. Its occur nnce,^ in which the student learns, \yhere he'itiay 

find it. ^ ; . '^ ' . ' 

. 2. Its preparation, or how he may obtain it for exaniination.. 

■ j: Its properties and uses, 
■\ 4. Its tests, or how he may detect its presence in known or 

pnknown substances. 

\ . The metals are classified according to the solubility of their 

sulphides in deference to the analytical features of the work. 

\ Many equations are given to illustrate the chemical reactions 

irj the different operations, and special directions for detecting 
litiie acids as well as for separating the metals into groups, and 

isolating the individuals from each group. 
.. 'The work is to close with most full and explicit directions 
jfqir successfo^y and economically equipping the Laboratory, and- 

preparing the needed re-agents and solutions. 
, ] } Besides this, the author will furnish any desired information 
';a^, regards expense, apparatus, chemicals, etc., or if desired, he - 

^vill supply apparatus and chemicals direct from the importers, 

a| lowest prices. 

• , \^In preparation. 
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